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projection television 
by 
“HIS MASTER’S VOICE” 


Model 1823 marks a great advance in 
projection viewing. The 3# diameter 
aluminised Emiscope projection tube, 
the curved screen of specially processed 
aluminium, and the unique focussing 
controls all combine to provide sharply 
focussed pictures of greater brilliance and 
clarity than is normally possible with large 
screen projection receivers. 
Price : 175 Gns. including screen. 


Fitted for two-band reception 
and instantaneous station 
selection by a 14-point switch 


“HIS MASTER’S VOICE” 


THE GRAMOPHONE COMPANY LIMITED, HAYES, MIDDLESEX HIS MASTER'S VOICE 











Mianuracturers OF 
EQUIPMENT, and 
DEVELOPMENT GROUPS 
are invited to send 
today for this NEW 
complete catalogue of Ediswan Clix 


Radio, Television and Electronic 


HULU 


Components. Just write “Components 
Catalogue please” on your 
business letterhead and 


we will send you a copy. 


- EDISWAN 
ELIxX 









































































































































THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.I. Group of Companies 
Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London. 


Telephone: Mayfair 5543 


155 Charing Cross Road, London, W.C.2 and Branches. 
Radio Components Sales Office: 21 Bruton Street, London, W.1 
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ERIE “Silertex” 


Wirewound Resistors 


RV 


nl Ls 


The excellence of Erie wirewound resis- 
tors is due, not only to the sound work- 
manship always associated with Erie 
products, but also to the coating of sili- 
cone bonded phenolic resin, known as 
“Silertex”, which has all the advantages 
ofvitreous enamel, plusthe added advan- 
tage of a much lower firing temperature, 








TUBULAR a 
MINIATURE SERIES 
a-\oWe 


a 


OVAL Powe 
SERIES WER 
15-45 Watts 
490,000 Ohms 


. 40 4 Sections 


and consequent freedom from surface 
crazing and, above all, from oxidation of 
the resistance wire. 


That is why they are reliable above all 
others, and that is why youwill find them 
used by those manufacturers who take 
pride in quality. 


SERVICE COSTS MONEY - SO FIT “SILERTEX" TODAY 
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ERIE esti: 4 


*Registered Trade Marks . 


Carlisle Road, The Hyde, London, N. W. 9., England. Telephone: COLindale 8011, 


Factories: London and Great Yarmouth, England; 
_ and Holly Springs, Miss., U. S. 


rare: Satara, Canada; Erie, Pa., 
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Another 
problem 
solved... 


SRS.154 
and 156 


ELECTRONIC ENGINEERING 


_"< wide range of Solartron Power Supply Sub-Units provides the answer 
to design problems. Months of research and development are saved by in- 
corporating a stabilised power supply of known characteristics as a single 
component—a power supply built by experts with a stability factor better 
than 400 : 1. Thecost of Solartron Sub-Units is little more than the cost 
of their component parts and represents a mere fraction of the time and 
money involved in preparing an individual design. Save development time 
and money and order a basic stock for your development laboratory now. 


| ‘| Model SRS.154 | 





~ Model SRS.155 


Model SRS.156 





D.C. output voltage 


(isolated) 


D.C. output current | 


A.C. output 


D.C. resistance 
Stability factor 
A.C. impedance 


Ripple and 
content 
Dimensions 

Price 
Delivery 


noise 








250 volts 
+ve or —ve 
0-50 mA 


6-3V 4 amps C.T. 
6-3V | amp 


> 72 
400 : | 
> 250 


Less than 
200, volts 
6” x 9” x 6” 
£30 
Ex-Stock 





250 volts 
-+ve or —ve 
10-100 mA 


6-3V 4.amps C.T. 
6-3V 2 amps C.T. 
6:3 


V | amp 
>42 
400 : | 
> 250 


Less than 
200, volts 
8°x 9 x 6” 

£35 

Ex-Stock 


150 volts 
+ve or —ve 
0-40 mA 
6-3V 4 amps 

6-3V | amp 





>1o 

400: | 

| > BAe 

| (40c/s-40Ke's) 

| Less than 

| 350 volts 
6°x 9" x6” 

| £30 

| 2 months 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6, 


he line averages seven words.) Box number 2/. 
ree of charge. At the INCH.RATE (if over 1” « or 12 lines) the charg 


Financial Reports £14. 0s. 0d. per column. 





- extra, except in the case of advertisements in ‘“‘Situations Wanted,”’ when it is added 
e is 30/- per inch, single column. Prospectuses and Company's 
the advertisement. Replies to box numbers should be addressed 


must P 
to: “ Electronic Engineering,’’ 28, Essex Street, Strand, London, W.C.2. Advertisements must be received before the i4th of the 


month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


AIR MINISTRY requires Scientific Officers 
(male) at R.A.F. Station near High Wycombe, 
Bucks, and in Norfolk, for operational 
research duties, and theoretical studies in the 
field of communications and general electronics. 
Qualifications: First or Second Class Honours 
Degree in Physics or Electrical Engineering. 
Salary: Within range £445-£815. Post unestab- 
lished with possibilities of establishment through 
the Civil Service Commission for successful 
candidate whilst remaining under age ; 
Opportunities for promotion to higher grade 
sts on staff of Scientific Adviser to Air 
inistry. Application forms, quoting A 109/ 
54A, from M.L.N.S., Technical and Scientific 
Register (K), 26, King Street, London, S.W.1. 
W 2456 


ASSISTANTS (SCIENTIFIC). The Civil Ser- 
vice Commissioners invite applications for 
pensionable _ posts. Applications may be 
accepted to the 3ist December, 1954, but early 
‘application is advised as an earlier closing date 
may be announced either for the competition 
as a whole or in one or more subjects. The 
Interyiew Board will sit at frequent intervals. 
Age at least 174 and under 26 years of age 
on the Ist January, 1954, with extension for 
regular service in HM. Forces, but candidates 
over 26 with specialized experience may be 
admitted. Candidates must produce evidence 
of having reached a prescribed standard of 
education, particularly in a science or mathe- 
matical subject. At least two years’ experience 
in the duties of the class gained by service in 
a Government Department or other civilian 
scientific establishment or in technical branches 
of the Forces essential in one of the following 
groups of scientific subjects: (i) Engineering 
and physical sciences. (ii) Chemistry, bio- 
chemistry and metallurgy. (iii) Biological 
sciences. (iv) General (including geology, 
meteorology, general work ranging over two 
or more groups (i) to (iii) and highly skilled 
work in laboratory crafts such as glass-blowing). 
Salary £250 (at 18) to £520 (men) or £435 
(women). Starting pay up to £380 (men) or 
£340 (women) at 25. Somewhat less in pro- 
vinces. Opportunities for promotion. Further 
cera and application forms from Civil 

tvice Commission, Scientific Branch, 30, Old 
Burlington Street, London, W.1, quoting No. 
$.59/54. W 2405 


B.B.C. requires Engineering staff (British, 
minimum age 20) for operations and mainten- 
ance duties at transmitter, studio, recording 
and television centres. Must be willing to serve 
anywhere in U.K. and have completed or 
been exempted from National Service. _Experi- 
ence in radio engineering desirable. Essential 
qualifications include University Degree, Higher 
National Certificate or equivalent in electrical 
engineering or success 
C. and G. Final Certificate in Telecomms. or 
full Technological Certificate, or Graduateship 
of I.E.E. or Graduateship with maths, of Brit. 
IRE. _Promotion prospects. Starting salary 
£545 rising by five annual increments to £755. 
Requests for application forms (enclosing 
addressed envelope and quoting ref.: ‘‘EX.11/ 
E.E.’’) should reach Engineering Establishment 
Officer, B.B.C., London, W.1, within seven 
days. W 2403 


EUROPEAN COUNCIL FOR NUCLEAR 
RESEARCH, GENEVA, has a number of 
vacancies for high grade research physicists and 
electronic engineers to assist in the design 
and construction of high-energy accelerating 
machines for nuclear research. Other posts for 
research physicists in fundamental high-energy 
nuclear research will also be available later. 
i€ posts, in varying grades up to Group 
Leader, carry a salary range from 17,000 to 
29,000 Swiss francs, tax free, per annum. 
First-class qualifications and experience essen- 
tial. For further information and_ application 

S write to the Secretary, Ministry of 
«Labour and National Service, Almack House, 
. 26, King Street, London, S.W.1, quoting 
AS12/CERN. 


GOVERNMENT OF INDIA. Applications are 
invited for the following posts in the Indian 
Air Force Technical Training College, Banga- 
lore: Technical Instructors, Radar (3), Technical 
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in examinations for. 


Instructors, Signals (1), Technical Instructors 
Engines (1), Technical Instructors, Airframes (1). 
Technical Instructors, Instruments (2), Techni- 
cal Instructors, Electrical (2), Technical Instruc- 
tors, Armament (4). Candidates should be 
competent to give instruction, both theoretical 
and practical, to University graduates at the 
College. Appointments for three years, exten- 
sible at the discretion of the Government of 
India to five years. Pay—Rs.1,600-50-1,800 per 
month (£1,400-£45-£1,620 per annum). Accom- 
modation provided or allowance in lieu. Free 
Medical attention as admissible to serving 
officers of the Indian Air Force. Free first 
class passage to and from India for appointees 
and families. Further particulars and forms of 
app'ication on request by post-card, quoting 
No. 6/5M, from The High Commission of 
India, General Department, Aldwych, London, 
WC.2. Last date for receipt of application, 
25th October, 1954. WwW 


MINISTRY OF SUPPLY requires technical 
authors at Chessington, Surrey, to prepare and 
to supervise the preparation of technical pub- 
lications on complex mechanical (Ref. C 550/ 
54A) and electronic (Ref. D 435/54A) equip- 
ment including guided weapons. Qualifications: 
British of British parents. Recognised engin- 
eering apprenticeship or equivalent. A.M.I 
ech.E., 2. APR ACS, FNC. _ or 
exempting qualifications. Vacancies in two 
grades at salaries between £635 and £980 
according to age and qualifications. Further 
particulars and application forms from 
M.LN Technical and Scientific Register 
(K), 26, King Street, London, S.W.1, quoting 
appropriate __ reference. Closing date 8th 
October, 1954. W 2397 


PROFESSIONAL ENGINEERS IN VARIOUS 
GOVERNMENT Departments. The Civil Ser- 
vice Commissioners invite applications for pen- 
sionable posts in a wide variety of mechanical 
and electrical engineering duties, Provisionally 
the latest date for application is 3lst Decem- 
ber, 1954, but an earlier date may be announced 
and early appiication is advised. Candidates 
must be under 35 on Ist January, 1954, with 
extension for regular service in H.M. Forces 
and up to two years for permanent Civil Ser- 
vice. For the Post Office they must be at least 
21, for the Ministry of Supply and Ministry 
of Transport and Civil Aviation at least 23, 
and for all other Departments at least 25 on 
that date. Generally a candidate must possess 
a University Degree in Engineering or be a 
Corporate Member of one of the professional 
institutions—Mechanical Engineers, Electrical 
Engineers, or Civil Engineers—or have passes 
in, or exemption from, Sections A or I and 
B or II of the corresponding Associate Mem- 
bership examinations. Exceptionally, candidates 
of high professional attainment, but without the 
specified qualifications, may be admitted. For 
some posts, Associate Fellowship of the Royal 
Aeronautical Society or,an Honours Degree in 
Physics or Engineering will be accepted. London 
salary scale (men) £650 (at age 25) to £1,000 
Starting salary according to age up to £900 at 
34. Candidates entering below age 25 will start 
at salaries varying from £450 at age 21 to £570 
at age Prospects of promotion. Salaries 
of next higher grades are £1,000-£1,320 and 
£1,375-£1,575. Somewhat lower for women and 
in the provinces. Further particulars and 
application forms from Civil Service Commis- 
sion, Scientific Branch, 30, Old Burlington 
Street, London, W.1, quoting No. S85/54. 

W 2459 


TECHNICAL ASSISTANTS. The United King- 
dom Atomic Energy Authority, Aldermaston, 
Berks, requires Technical Assistants to fill three 
Electronic Engineering vacancies. Applicants 
should be Graduate Members of the Institution 
of E'ectrical Engineers or possess _ suitable 
exempting qualifications such as a University 
Honours Degree in Electrical Engineering (pre- 
ferably with electronics or telecommunications). 
Successful candidates will assist and be trained 
by Senior Engineers on project work involving 
the engineering of electronic equipment from 
prototypes through the Drawing Office and 
early production stages. Equipment includes 
high speed oscilloscopes, video amp'ifiers, etc., 
together with light electro-mechanical equi 

ment. Applicants should not be more than 32 


years of age; pay on entry will be related to 
age, within the range £430 (age 21) to £742. 
Houses available within a reasonable period for 
married staff who live outside the Establish- 
Application form 
A.W.R.E., 
Ref.: 225/ 

W 2421 


ment’s transport facilities. 

from Senior Recruitment 

Aldermaston, Berkshire. 
/42. 


Officer, 
Quote 


THE INSTITUTE OF LARYNOGOLOGY 
AND OTOLOGY (University of London), 330/ 
332, Gray’s Inn Road, London, W.C.l. A 
physicist is required at the above Institute to 
work under the Professor of Laryngology and 
Otology in the field of psycho- and physio- 
acoustics. Applicants must possess a good 
Honours Degree in physics and have had at 
least two or three years’ research experience, 
some practical acquaintance with electronics 
being an advantage. The post will carry the 
appropriate grade of lecturer in a_ preclinical 
post ‘at the University of ‘London, with 
membership of F.S.S.U. and children’s allow- 
ance scheme. Applications, stating age and 
giving a brief résumé of qualifications and 
experience, together with the names of two 
referees, should be sent within a fortnight to 
the Secretary. W 2408 ° 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Foulness, Essex, has the follow- 
ing vacancies for experimental physicists. Post 
I (214/W.G.E./42). Scientific officer to develop 
and use field instrumentation to record and 
examine air and ground shock phenomena. 
Although the duties are in the field of classical 
experimental physics and light mechanical 
engineering, an interest in electronics wou!d 
be an advantage. Applicants should have a 
first or second class Honours Degree in physics 
Appropriate research experience is desirable. 
The salary range is £445 to £815 (male) per 
annum. Starting pay is assessed according to 
age, qualifications and experience. Post II 
(215/W.G.E./42). Experimental officer to con- 
duct field experiments on air and ground shock 
wave phenomena. Applicants should possess 
Higher School Certificates (Science) or equiva- 
lent and be at least 26 years of age. Experi- 
ence in electronics as applied to recording of 
audio-frequency, transients, and working know- 
ledge of photography are desirable. The salary 
range (male) is £690-£850 per annum. Appli- 
cation forms from Senior Recruitment Officer, 
A.W.R.E., Aldermaston, Berkshire. Please 
quote appropriate reference. W 2402 





THE UNIVERSITY OF LEEDS. Laboratory 
Technician required in the department of Elec- 
trical Engineering. Knowledge of Electronics 
essential. Wages scale 120s. to 174s.; starting 
figure depending on age and qualifications. 
Applications giving full details of experience, 
education and age to Professor G. W. Carter, 
Department of Electrical Engineering, The 
University, Leeds 2. W 2457 


THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, requires an 
Engineer (basic grade) to plan and progress to 
final small scale production, special electronic 
and light mechanical equipment to meet scien- 
tists’ requirements. Applicants should have 
served a recognised apprenticeship and be cor- 
porate members of the Institution of Electrical 
or Mechanical Engineers, or have exempting 
qualifications. They should have a knowledge 
of special purpose electronic equipment (such 
as oscilloscopes employing high speed time 
bases, pulse generators, video amplifiers and 
stabilized power supply units). A knowledge 
of the mechanical design problems associated 
with the manufacture of electronic equipment 
would be an advantage. The salary range 
(male) is £620 (at age 25)—£960 per annum. 
Housing accommodation will be available within 
a reasonable period for married officers who 
live outside the radius of the Establishment’s 
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transport facilities. Application forms from 
Senior Recruitment cer, A.W.R.E. Quote 
Ref. 33/WG/42. W 2462 


THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Fort Halstead, Kent, requires 
a Senior Experimental Officer or Experimental 
Officer, to Plan and supervise erection of lines 
of communication for various recording systems, 
to supervise a small laboratory particularly con- 
cerned with electronic and optical instruments, 
and to carry out work on various problems 
concerned with detonation and allied subjects. 
Minimum qualification is Higher School Certifi- 
cate or equivalent in physics, but a Degree or 
similar qualification in physics, electronics and/ 
or electrical engineering is desirable. For Senior 
Experimental Officer (minimum age 31) the 
salary range (male) is £982-£1,162 per annum, 
and for Experimental Officer (minimum age 26) 
the salary range (male) is £690-£850 per annum. 
Application from Senior Recruitment Officer, 
A.W.R.E., Aldermaston, Berkshire. Quote 
Ref. 232/WG. /42. W 2461 





UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, requires Techni- 
cians. Post A (223/W.G.E./42). To be 
responsible for the control of skilled mechanics 
engaged on inspection, maintenance and repair 
of electrical, mechanical and electronic instru- 
ments and electronic test gear. Candidates 
should have experience of instrumentation and/ 
or electronic equipment. Post B (212/W.G.E./ 
42). To assist in (1) planning and preparation 
of specifications for wide range of technical 
and other buildings, together with associated 
plant and services; (2) inspection during con- 
tractual stages and on completion. Candidates 
should have wide knowledge of mechanical and 
electrical installation and building work. App'i- 
cants for both posts should have served recog- 
nised engineering apprenticeship. Possession of 
O.N.C., or equivalent qualification. is desirable. 
Salary range: £635 (age 30) to £742 per annum. 
Houses will be available within reasonable 
period for married officers living outside the 
radius of Establishment’s transport faci 'ities. 
Application form from Senior Recruitment 
Officer, A.W.R.E., Aidermaston, Berks: Please 
quote appropriate reference number. W 2427 


UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY. Fort Halstead, near Sevenoaks, 
requires an Electronic Technician to assist in 
the testing of electronics and electro-mechanical 
components and equipment both from the 
engineering and durability points of view, with 
responsibility for the maintenance of the 
specialized test equipment employed. Can- 
didates should have served a _ recognized 
engineering apprenticeship or have had suitable 
equivalent training in electrical engineering. 
Experience of specialized electronic instrumen- 
tation is essential. Salary range £510 (age 26) 
to £640 per annum. Application forms from 
Senior Recruitment Officer, A.W.R.E., Alder- 
maston, Berks. Quote Ref.: 151/W.G.E. /42. 

W 2424 








SITUATIONS VACANT 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952 








A COMMENCING SALARY of up to £1,000 
per annum is offered to Engineers and Designers 
with suitable qualifications for highly specialized 
design and development work in the field of 
mass produced electronic equipment. The 
unique aspect of these positions is that a long 
term future is assured regardless of the inter- 
national political situation. Please reply, giving 
full details of qualifications and experience; to 
Box No. W 2447. 











ELECTRONIC ENGINEERING 


A LABORATORY ASSISTANT is required to 
carry out acoustical measurements and experi- 
mental work on loudspeakers, microphones, 
etc. A good theoretical approach and interest 
in sound reproduction is essential. Salary 
according to qualifications and experience. Box 
No. W 1138. 


A LONDON COMPANY engaged in impor- 
tant defence contracts seeks graduate engineers 
or physicists interested in servo-mechanisms or 
electronics. Senior posts are available for men 
suitably qualified. Newly graduated engineers 
will receive training in interesting new fields of 
electro-mechanical design and in latest manu- 
facturing techniques. Reply, giving full details, 
in confidence, of education and _ previous 
career, to Box No. 2419. 


AN ATTRACTIVE future offered to a Senior 
Electronic Engineer in young and _ rapidly 
expanding organization. Essentials are good 
technical education and wide experience, 
together with the ability to ‘“‘get things done’’. 
All replies answered and treated as confiden- 
tial. x No. W 1140. 


AN OPPORTUNITY occurs in _ progressive 
manufacturing concern in London area for 
Engineer aged 25/35 with Electrical or Physi- 
cist Degree, on development and research work 
on high frequency telecommunication cable and 
associated testing equipment. Salary will be 
commensurate with qualifications and _ experi- 
are. Avo giving full particulars to Box No. 
1139. 


AN OPPORTUNITY occurs in _ progressive 
manufacturing concern in London area for 
Engineer aged 25/35 with electrical or physicist 
Degree, on development and research work on 
high frequency telecommunication cable and 
associated testing equipment. Salary will be 
commensurate with qualifications and experi- 
=. Apply giving full particulars to Box No. 
1080. 





AN ENGINEERING COMPANY situated in 
the Boreham Wood area require personel as 
shown hereunder: Radar and communications 
circuit engineers; radar and communications 
technical writers, preferably with a knowledge 
of components and specifications concerning 
the above subject; draughtsmen (male or 
female); technical shorthand-typists; instrument 
makers. These vacancies offer excellent oppor- 
tunities and permanent and progressive employ- 
ment to applicants with good qualifications and 
ability. Please reply, giving full details, to Box 
No. W 2426. 











APPLICATIONS are invited for the following 
permanent and progressive positions: Mechani- 
cal Fitters—knowledge of electrics (Ref. 13). 
Pianning and Mechanical Engineer—design of 
rigs and fixtures, heating inductors, to assist 
in planning of operations. O.N.C. with factory 
experience or H.N.C. standard. Candidates 
must have completed National Service (Ref. 
14). Candidates for the above two positions 
will be required to work at Hatfield initially, 
but final employment will be at Edmonton. 
Electronic and Electrical Engineers—for de- 
velopment work on servo mechanisms (Ref. 
44). Wiremen, electronic—for model shop 
development work (Ref. 12). Circuit Engineer 
—previous experience and knowledge of elec- 
tronics essential (Ref. 41). Instrument 
Mechanic—with electrical instrument experience 
for Vibration Research. O.N.C. or H.N.C. 
standard. Staff appointment (Ref. 42). Draughts- 
men—jig and tool. Salary according to age 
and experience (Ref. 11). Write in detail, 
quoting reference number of position sought 
to: The Personnel Department (Technical 
Employment), de Havilland Propellers Limited, 
Hatfield, Herts. W 2412 





AN OLD ESTABLISHED ENGINEERING 
COMPANY in the Birmingham area have a 
vacancy for a young man (age about 25/27) 
for training as a Service Engineer on their 
outside staff. National Service must have been 





completed. App-enticeship and actual indus- 
trial experience in electrical or electronic work 
with emphasis on fault finding and testing of 
production equipment necessary. Very g00d 
Prospects to successful candidate. Apply 
giving full details of experience, age and 
wages required to Box No. W 2416. 





APPLICATIONS are invited from Senior Plan- 
ning Engineers, Tool Design Draughtsmen and 
Checker Draughtsmen. Applicants should have 
served a sound engineering apprenticeship and 
have had experience of production planning, 
press tool, jig and fixture design in the light 
mechanical and electro-mechanical engineering 
fields. Men between the ages of 45 and 60 will 
be considered for the vacancies of checker 
draughtsmen. These vacancies, which are caused 
by normal expansion of company business, offer 
attractive opportunities to keen and energetic 
men of good experience and qualifications who 
are capable of dealing with a varied class of 
work. Excellent commencing salaries will be 
paid to the selected candidates. Please reply, 
giving details of age, qualifications and experi- 
ence to Box No. W 2448. 





A SENIOR APPOINTMENT will shortly be 
filled in the London laboratory of a firm hold- 
ing contracts in guided weapons and kindred 
fields. Engineers who wish to be considered 
for this vacancy should be graduates ‘and 
should have had some experience in industrial 
engineering laboratories. Some _ production 
engineering experience in addition to micro- 
wave, electronic and/or servo experience 
would be an advantage. Starting salary will 
range according to age and experience and will 
be on a generous scale and will be subject 
to good increases, according to merit. Pension 
and life assurance schemes are in operation. 
Write, giving full details, in confidence to Box 
No. W 2417. 


A SENIOR DEVELOPMENT ENGINEER is 
required to take charge of a group engaged in 
the development of electro-magnetic devices. 
The group embraces the design of vibrators, 
relays and similar mechanisms, and the success- 
ful candidate will be required to initiate new 
development projects and carry them through 
to production. The salary range is £800-£1,200 
er annum and the commencing figure will be 
in accordance with qualifications and experi- 
ence, with prospects of generous advancement 
for a man with initiative and drive. Send full 
details, in confidence, to Box No. W 2466. 


BRITISH ACOUSTIC FILMS have staff 
vacancy for a test engineer with experience in 
audio frequency equipment. H.N.C. or equiva- 
lent preferred. Write stating age, experience 
and salary to Works Manager, British Acoustic 
Films Limited, Woodger Road, San, Nie 


BRITISH INSULATED CALLENDER’S 
CABLES LIMITED invite applications for the 
undermentioned vacancies with their Telecom- 
munications Engineering Department at Prescot. 
Technical Assistant for the preparation of tech- 
nical recommendations and the evaluation of 
tenders, etc. A capacity for clear exposition 
is essential and the successful candidate must 
become familiar with a wide technical field 
which will require Higher National or degree 
standard in Electrical Engineering. Technical 
Assistant to undergo training in telephone cable 
design and allied work which will involve con- 
siderable responsibility and judgment. Minimum 
qualifications: National Certificate or equivalent 
in Electrical Engineering. Applications quoting 
reference No. P/50/54 should be submitted in 
writing to: The Staff Officer, FeSO, Eee 


CHEMIST, age 25-40 required, with experience 
in the production of oxide coated cathodes for 
valves. Applicants must have had several years 
experience in the valve industry. The post 
offers excellent opportunities for engaging in 
the development and pilot plant production of 
new types of valves. Apply Box No. W 2333. 


CROMPTON PARKINSON LIMITED invite 


applications from graduate Physicists or Elec- , 


trical Engineers with good Honours Degrees to 
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Prov. 
Patent 
10037/53 


aunt oraistonl damand- 


BASS REFLEX 
CONSOLE CABINET 


for use with Stentorian 10” or 12" Hi-Fi units 


Ever since we introduced our now world-famous range of Cambric Cone Units, 
we have been receiving requests for a suitable cabinet. Now we can offer an 
easily assembled polished walnut veneer cabinet, specially designed to give 
maximum reproduction quality from either the 10” or 12” unit. Supplied packed 
flat, complete with screws. Leaflets. available on request. 

Size: 32° x22" x 16". £10 10 0 





Also available: Corner Console Cabinet £5 ; 0 0 
for the new Stentorian HF812 Unit 

LATEST WHITELEY ACHIEVEMENT 
Models marked thus ye now fitted with ‘universal 


* new extended range of impedance speech coil at 3, 7.5 and 1§ ohms 


Model HFS!I0 sue 5” Steel Unit te, Ay 

»  MFSIO .. 5” Diecast Unit ... £1.19.6 

Py »  HF6IO ... 6” Steel Unit  €2.10.6 

»  HF6IO «. 6 Diecast Unit... €2.12.6 

»  HF8IO ... 8” Steel Unit san! Se OS 

»  HF8I2x ... 8’ Diecast Unit ... £3. 5.6 

» MPOI2x ... HM Diecast Unie ... £3. 9.6 

» HFIONI2® ... 10’ Diecast Unie ... €3.17.6 

HI-FI ) HFI2I4... 12” Die cast Unit £9.15.6 
CAMBRIC CONE UNITS (Tax paid) 


e ° See and hear them at our London Office (109 
acclat med at Radio Show Kingsway,W.C.2) any Saturday from 9.a.m.—noon 


WHITELEY €LECTRICAL RAOIO CO. LTO - MANSFIELO - NOTTS 
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ROVED VACUUM WORK 


Thorough insulation impregnation by alternate vacuum 
and pressure cycles demands the rigid exclusion of 
moisture from the system by BIRLEC LECTRODRYERS. 
BIRLEC LECTRODRYERS are applicable to a number of 
electrical applications including the dry blanketing of 
transformers during assembly, the dry storage of delicate 
components and insulating material and the drying of 
gases for lamp filling, electrode annealing etc. 






A selection of capacitors for fluorescent lighting equipment and 
pany se units which are vacuum impregnated faster and better by 
installation of a Birlec Lectrodryer. (Right) Two special Lectro- 
dryers designed for working in conjunction with an insulating 
oo tone tani 
m+ stants are eenens by kind permission of the British 
Wonton jouston Co. L 


Please send me details of LECTRODRYERS for electrical 
work, ° 


q 
Application.. . eves ° i 
i 





DRYER DIVISION OF ERDINGTON 


BIRMINGHAM 24 


BIRLEC LTD 
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SITUATIONS VACANT Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





work in their lamp Works and Development 
Laboratory on general lamp problems. Appli- 
cants with or without experience will be con- 
‘sidered. Good prospects to a man wishing to 
make a career in industry. Superannuation 
Scheme to which company contributes. Send 
full particulars of education and any practical 
experience to Ref. LLD, Crompton Parkinson 
Limited, Guiseley, Nr. Leeds. W 23 


DESIGNER DRAUGHTSMAN required for 
design and mechanical development of test 
instruments. Salary above A.S.E.D. rates, " 
vious experience and qualifications up 

H.N.C. preferable. Reply in writing giving full 
details, qualifications, previous experience, 
salary required to Advance Components Ltd., 
Back Road, Walthamstow, E.17 W 1141 


DEVELOPMENT staff required by J. Langham 
Thompson Ltd., 88, High Road, Bushey Heath, 
Herts. Electronic Engineers of all grades for 
large scale G.W. and commercial projects. 
Experience of pulse or computor techniques an 
advantage. Draughtsmen of all grades to work 
as part of a team on electronic or mechanical 
development. Technical Writers required for a 
number of interesting projects. The company 
is rapidly expanding and prospects of promotion 
are good. Apply in writing to Chief Engineer 
Stating age, and full details of oem 


436 
DEVELOPMENT ENGINEER of graduate 
standard with minimum of five years’ industrial 


experience required to develop special purpose 
magnetic recording equipment. A wide know- 
ledge of audio techniques and the ability to 
work with the minimum of supervision is 
needed. Reply in confidence to The Chief 
Engineer, Grundig (Great Britain) Ltd., 6. 
Government Buildings, Kidbrooke Park Road, 
London, S.E.3. W 1126 


DRAUGHTSMEN: Vacancies for senior 
draughtsmen with experience of Electronic 
and/or Electro. h ing required, 
preferably with experience of Ministry require- 
ments. Excellent prospects with good commenc- 
ing salaries; non-contributory Pension Scheme 
in operation. Applications will be treated in 
Strict confidence and should give full chrono- 
logical details of qualifications, experience and 
e to: John A. Smith Ltd., 24 Lichfield Street. 
olverhampton. WwW 


DRAUGHTSMEN required. Excellent oppor- 
tunity to broaden experience with well estab- 
lished company, whose wide range of products 
avoids restrictive specialization. There are 
vacancies for seniors and juniors with at least 
Ordinary National Certificate. On well served 
transport routes. Near City centre and ameni- 





ties. Saturday interview if required. Apply 
Marconi Instruments Ltd., Longacres, ——_ 
Road, St. Albans. 2442 


ELECTRICAL ENGINEER, age 25- a with 
good degree, preferably some experience in a 
research or development laboratory, is required 
for work on the application of electronic tech- 
niques to industrial measurement and control. 
The post is permanent, pensionable and offers 
good prospects. Apply in writing, giving full 
chronological details of qualifications and 
experience, together with age and _ salary 
required, to Tube Investments Ltd., Dept. of 
Development and Research, Plume Street, 
Aston, Birmingham 6, quoting Ref. te 
1125 


ELECTRICAL ENGINEERS. Waymouth 
Gauges & Instruments Ltd., a subsidiary com- 
pany of Smiths Aircraft Instruments Ltd., have 
vacancies in their Aircraft Fuel Gauging 
Laboratory for Assistant Engineers, required for 
development of electronic fuel gauging equip- 


National Certificate) to be trained in testing 
and fault finding of large scale electronic 
calculating installations. Previous experience of 
calculators not necessary. Good prospects of 
promotion based on merit rather than age or 
paper qualifications. Write stating age, experi- 
ence and salary required to Box No. W 24ll1. 





ELECTRONIC DEVELOPMENT ENGINEERS. 
Ultra Electric Ltd., Western Avenue, Acton, 
London, W.3, announce the following per- 
manent, pensionable positions. (i) Senior elec- 
tronic development engineers with experience 
in any of the following: (a) subminiaturization 
of radio and audio frequency circuitry, (b) 
transistor applications, (c) pulse techniques- 
radio navigation, (d) radio and T.V. projects. 
(ii) Electronic development engineers for 
measurement, functional test, and development. 
(iii) Test equipment development engineers 
with experience of design of test equipment to 
meet production requirements. Applicants are 
invited to apply, in the strictest confidence, to 
the Personnel Manager by letter or by telephone 
(ACOrn 3434) for interview. Appointments on 
Saturday mornings if desired. W 2451 





ELECTRONIC DEVELOPMENT ENGINEERS. 
Ultra Electric Ltd., Western Avenue, Acton, 
London, W.3, announce the following per- 
manent, pensionable positions: (i) Senior Elec- 
tronic Development Engineers with experience 
in any of the following: (a) subminiaturization 
of radio and audio frequency circuitry; (b) 
pulse techniques—radio navigation; (c) V.H.F. 
and radar systems; (d) radio and T.V. projects 
(ii) Electronic Development Engineers for 
measurement functional test and development. 
(iii) Test Equipment Development Engineers 
with experience of design of test equipment to 
meet production requirements. (iv) Technical 
Writer with experience of preparation, publi- 
cation and maintenance of technical literature. 
Applicants are invited to apply in the strictest 
confidence to the Personnel Manager by letter 
or by telephone (ACOrn 3434) for interview 
appointments—on Saturday mornings if os 


ELECTRONIC / ELECTRICAL ENGINEER 
required to take charge of small laboratory. 
Applicant must have some years’ experience 
in laboratory of manufacturers or large-scale 
users of any of the following: Cables, capaci- 
tors or insulation materials. Maximum age 35. 
Address: London, E.11. Write with fullest par- 
ticulars. Box No. W 1135. 


ELECTRONIC ENGINEER required for 
development of electronic measuring instru- 
ments. Good salary and excellent prospects 
offered to person of ability in rapidly oapens- 
ing organisation. Rivlin Instruments Ltd., 

Maitland Park Villas, N.W.3. CULiver 0: 





ELECTRONIC ENGINEER required for excep- 
tionally interesting development work. Appli- 
cants should have good academic training with 
5-10 years’ practical experience of development, 
including some on communication equipment 
employing frequency modulation at U.H.F. 
The post carries a good starting salary and 
excellent prospects. Please write, with details, 
to Personnel Dept. (ED/189), E.M.I. Eng. 
Dev. Ltd., Hayes, Middlesex. W 2390 





ELECTRONIC ENGINEER to work within our 
Trials Division at Edinburgh. The nature of 
the work involves conducting trials and evaluat- 
ing the performance of electronic and radar 
Applicants should have _ recent 





ment. They should have an engineering degree 
or Higher National Certificate. Te hnical 
Assistants are also required for experimental 
work in electrical measurements; preference will 
be given to applicants holding a_ technical 
qualification. Apply in — to the Chief 
Development Engineer, aymouth Gauges & 
Instruments Ltd., Station py Godalming. 
Surrey. 

ELECTRONIC CALCULATORS. Interesting 
vacancy exists in West London firm for intel- 
ligent electronic engineer (B.Sc. or Higher 





ELECTRONIC ENGINEERING 


technical and operational experience in industry 
or the Services. Staff Pension Scheme. Apply 
in writing, quoting Ref. EE/TID, to the Per- 
sonnel Officer, Ferranti Limited, Ferry Road, 
Edinburgh, 5. W 2389 


ELECTRONIC ENGINEERS, aged 23 upwards, 
having H.N.C: or’ equivalent qu: tion, 
required by Electronic fete 

Richmond, Surrey. Written applications only 
in first instance. W 199 





ELECTRONIC ENGINEER OR PHYSICIST 
required to assist in installation and operation 
of electronic digital calculator. Salary in the 
range £600-£900 per annum according to age 
and experience. Applications to The - 749 
Birkbeck College, Malet Street, London, wae ‘: 


ELECTRONIC ENGINEERS required. Excel- 
lent opportunity for men of@Degree standard 
to broaden experience in a field of great interest 
and variety and involving latest techniques. 
Restrictive specialization can be avoided by 
joining Marconi Instruments Limited who pro- 
duce light current communications, measuring 
and test apparatus for a wide range of require- 
ments. Saturday interview if required. Apply 
Marconi Instruments Ltd., Longacres, Hatfield 
Road, St. Albans. W 2444 


ELECTRONIC ENGINEERS (ref. E.E./1) to 
become Section Leaders of small teams respon- 
sible for the preparation, testing in the field, 
and further laboratory development of Guided 
Weapons. Applicants should have at least 
H.N.C. and five years’ experience in the micro- 
wave, pulse or communications field. Equiva- 
lent training and experience in H.M. Forces 
will also qualify for these positions. Assistant 
Engineers (ref. E.E./2) to form such teams, 
either (a) with a similar background to the 
above or (b) having considerable experience of 
developing and testing small prototype electro- 
mechanical instruments. The vacancies, which 
offer exceptional scope for advancement, are 
at Heston Aerodrome, Middlesex. Periods of 
work at outstations in the U.K. are covered 
by adequate allowances and week-end leave 
privileges. There are likely to be opportunities 
for continuing this work in Australia at a later 
date. Good salary with bonus. Pension 
Scheme. Details of experience and qualifica- 
tions should be sent, quoting reference of 
position sought, to the Assistant Manager, The 


Fairey Aviation Company Limited, Weapon 
Division, Heston Aerodrome, Hounslow, 
Middlesex. 2395 


ELECTRONIC ENGINEERS with sound basic 
knowledge of low frequency techniques required 
for work on design and development of elec- 
tronic units for servo control work. Candi- 
dates should have some practical experience 
and qualifications in shape of Degree. f 

or City and Guilds Certificate desirable, but 
by no means essential (Ref. 59). Write in 
detail, quoting reference number of position 
sought to: The Personnel Manager (Technical 
Employment), de Havilland Propellers Limited, 
Hatfield, Herts. W 2433 


ELECTRONIC ENGINEERS. E. K. Cole Ltd., 
Southend, have vacancies in their Electronics 
Department for Development Engineers. Apply 
stating age, qualifications and experience to 
Personnel Manager. W 2484 


ELECTRONIC TESTERS. Sound basic radio 
background. Preferably experience pulse work 
or radar. Write with full particulars of experi- 
ence and salary required to Personnel Manager, 
Vidor-Burndept Ltd., Erith, Kent. W 2455 


E.M.I. RESEARCH LABORATORIES LTD. 
have for eng 'S with design experi- 
ence in the poten field covered by high quality 
audio equipment, including transducers and 
measuring equipment, recording equipment, 
pulse and analogue circuitry as applied to 
radar, computers, etc., and servomechanisms. 
Men with academic or professional qualifica- 
tions preferred, but wide experience may be 
accepted as an alternative. Apply in_ person 
or write to the Personnel Dept. (RL/12), 
E.M.I. Ltd., Blyth Road, Hayes, es E 





E.M.I. RESEARCH LABORATORIES LTD. 
have vacancies for Physicists and Engineers for 
Circuit Research in connection with Television 
Systems. Men with academic or Professional 
qualifications and_with several years’ experience 
are required. There are also vacancies for 
University Graduates without industrial experi- 
ence, and for Junior Engineers with iC 
or similar qualifications. A knowledge of tele- 
vision camera design would be a useful qualifi- 
cation for one of the vacancies. Lam apply 
to the Personnel Dept. (RL/13), E.M.I. Ltd., 
Blyth Road, Hayes, Middlesex. Ww 2400 


ENGINEER required for layout and engineer- 
ing of electronic designs prior to production. 
Instruments and similar high quality products 
in small quantities. A new position offering 
considerable scope for advancement. Rivlin 





CLASSIFIED ANNOUNCEMENTS 
continued on page 6 
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One end in view 


... efficiency. Not only 
in Parmeko transformers 
(many of the leading manu- 
facturers of electronic and 
electrical equipment take that 
for granted—bless ’em) but also 
in their production. The use of 
power-driven tools is only a 
small part of the process but this, 
like every other, is carried out 
with the sole aim of producing the 
finest transformers in the quickest 
possible time at the lowest cost. 
“ Efficiency...” as the Managing 
Director, who is not unconnected with 

the tool illustrated, murmured through his 

TT handle-bar moustache “‘ ... is the ticket.” 


” 


The firm with the one-track mind 


PARMEKO , LEICESTER 


MAKERS OF TRANSFORMERS /or the Electronic and Electrical Industries 
@ 
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SITUATIONS VACANT (Cont’'d.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 








Instruments Ltd.. 7A, Maitland Park wei 
N. GILliver 2960. W 1128 


ENGINEER required for operational tests and 
maintenance of airborne electronic equipment. 
Degree, H.N.C. or equivalent, with some 
practical experience of electronic equipment 
desirable. Must be British or Commonwealth 
subject. Apply: Construction Dept., British 
Thomson-Houston Co. Ltd., Rugby. W 2425 


ENGINEER OR PHYSICIST as Section Leader 
in our Vacuum Physics Laboratory in Edin- 
burgh. Should be suitably qualified and experi- 
enced in microwave and vacuum techniques for 
work of the highest importance in the field of 
magnetron and other high frequency valve 
development. The appointment is permanent, 
carrics senior staff status, and offers excellent 
prospects in an expanding organization. A 
commensurate a will be paid. Staff Pen- 
sion Scheme. ly for app'ication form, 
quoting Ref. 23/' P/VPL, to the Personnel 

cer, Ferranti Limited, Ferry Road, ie tan 
burgh, 5. 2410 


ENGINEERS. Two Senior iadeeoar for 
departmental control, one for each of transmit- 
ting and receiving valve development. Several 
years’ experience “ or field necessary. Quali- 
fications at least N.C. or Degree. Apply 
Box No. W 1134. 


ENGINEERS required for maintenance and 
design of electronic test equipment, quality 
control and investigational work on thermionic 
valves. Inter , or Higher National Cer- 
tificate standard. Apply giving full particulars 
of age, qualifications and experience to Per- 
sonnel Superintendent. The Edison Swan Elec- 
tric Co. Ltd., Cosmos Works, Brimsdown, 
Enfield, Middlesex. W 2440 





ENGINEERS urgently required for the design 
and development of commercial radio and tele- 
vision for mass production. Applicants should 
have necessary qualifications and experience in 
this field. The appointments carry excellent 
opportunities for progressive advancement, and 
of continuity on a long term basis. Salary up 
to £1,000 per annum for suitable applicants. 
Write in the first instance, giving full details 
of qualifications and experience, to Box No. 
W 2449. 





ENGINEERS required for research and develop- 
ment work on servo-mechanisms. Hydraulic, 
pneumatic and electrical servos are involved in 
this work covering such devices as guided 
missiles, radar scanners, motor control gear 
and turbo-alternators. Vacancies as follows: 
(A) Theoretical engineers accustomed to carry 
out mathematical analysis of servo-systems 
(Ref. 60), (B) Practical systems engineers 
capable of directing original work in all above 
fields (Ref. 61). (C) Assistant grades to work 
under direction of systems engineers on develop- 
ment work (Ref. 62). Candidates for (A) and 
(B) should Possess Honours Degree with some 
practical experience or have had some previous 
practical © shouk in similar work. Candi- 
dates for (C) should be mechanical engineering 
or electrical engineering graduates or students. 
Knowledge of electronics of great value in this 
work. Write in detail, quoting reference 
number of position sought, to: The Personnel 
Manager (Technical Employment), de Havilland 
Propellers Limited, Hatfield, Herts. W 2434 


ENGLISH ELECTRIC GUIDED WEAPONS 
DIVISION, Luton, require a senior systems 
engineer to take ‘charge of a newly formed 
group. Experience should cover the design and 
development of mechanical and_ electro 
mechanical devices together with a knowledge 
of hydraulics or electronics and servo systems 
theory. The appointment commands a substan- 
tial salary and the successful applicant will be 
given housing assistance. Applications giving 
full particulars of previous experience shoula 
be addressed to Dept. C.P.S., 336/7, Strand, 
W.C.2, quoting Ref. 1181C. W 2454 


ELECTRONIC ENGINEERING 


ERICSSON TELEPHONES LTD.., have in their 
Research Laboratories a number of vacancies 
for circuit designers and equipment engin- 
eers to work on _ nucleonic instruments, 
and interesting new developments in 
electronic computing and switching; both 
senior and junior posts are available. Appli- 
cants should have a degree or equivalent plus 
several years’ experience of appropriate work 
for the senior posts; covieeponsiney reduced 
qualifications and experience be accepted 


On completion of training these 


advantage. 
engineers would have a considerable degree of 
responsibility away from the factory and _ there 
might be opportunity for overseas work. Refer- 
ence DCME. Permanent staff appointments with 


nsion benefits. Application forms from Mr. 
. J. Lunt, Staff Manager, Ferranti Ltd., 
Hollinwood, Lancs. Please quote appropriate 
reference. W 2375 


FERRANTI LTD., ‘Wythenshawe, have a 
of vacancies for Technical Assistants 





for junior posts. Salarieswill cs in 
with age, qualifications afd experience. Appli- 
cations, giving details of age, academic or 
other training and qualifications, experience, 
and starting salary required, should be sent to 
the Personnel Officer, Ericsson Telephones 
Ltd., Beeston, Nottin; W 197 


ESTIMATING ENGINEER required with ex- 
perience of estimating of machine and assembly 


work in connection with the light electro- 
mechanical engineering industry. Coilwinding 
experience desirable but not essential. An 


attractive salary will be offered to the selected 
candidate. East London area. Please write, 
giving full details of qualifications and experi- 
ence, to Box No. W 2465. 


EXPERIENCED ENGINEERS are invited to 
apply for a position where energy, skill and 
initiative will be well rewarded. The work 
relates to the development of Television Com- 
ponents and Circuits and the design of com- 
ponents for large-scale production. Previous 
experience of Television Receivers is required, 
referably in respect to means of scanning and 
ocusing. The position is a permanent one 
which offers scope for advancement to a senior 
position. The commencing salary will be in 
accordance with previous experience, based on 
a generous and progressive scale. Write, giving 


full personal particulars, to the Personnel 
Manager, The Plessey Company Limited, 
Ilford, Essex. 2414 


EXPERIENCED FAULT-FINDERS wanted by 
Midland Manufacturers of radio equipment. 
Permanent posts located in the Midlands are 
offered to. men with experience of Radar, 
Radio Control, V.H.F. Equipment. Write 
Stating fully experience and salary required to 
the Personnel Manager. Box No. W 2439. 


EXPERIENCED Radio Testers and Inspectors 
required for production of communication and 
radio apparatus. Also Instrument makers, 
wirer and assemblers for Factory Test appara- 
tus. Apply Personnel Manager, E. Cole 
Ltd., Ekco Works, Malmesbury, Wilts. WwW 146 


EX-SERVICE RADIO-RADAR MECHANICS. 
A leading company in the Electronic field has 
vacancies for men interested in Manufacture 
and Maintenance of Radar Equipment. Oppor- 
tunities occur in the factory and in the outside 
maintenance field for men who have had Ser- 
vice training and some theoretical knowledge. 
Applicants should write giving full details of 


following fields of ~ investigation ; 
Hydraulic control mechanisms and_ servos, 
gyros, relays and_ electro-mechanical instru- 
ments, experimental vibration testing, micro- 
wave systems, R.F. circuits, pulse circuits. 
Applicants should hold a degree or Higher 
National Certificate in Electrical or Mechanical 
Engineering. The work would be of particular 
interest to men completing National Service in 
technical branches of the Services. The 
appointments would be to the permanent staff 
of the .company and offer the prospect of 
interesting work in modern well-equipped 
laboratories opened in South Manchester within 
easy reach of residential districts. The com- 


in the 


pany operates a Staff Pension Scheme. Appli- 
cation forms from Mr. . Lunt, Staff 
Manager; Ferranti Ltd., Hollinwood, “aa 
Please quote reference WTA W 2413 
FERRANTI LIMITED, Edinburgh, _ have 


vacancies for Engineers or Physicists for impor- 


tant development work with small electrical 
equipment. Applicants should hold a oe 
or equivalent qualifica- 


(preferably Honours), a 
tions. A good knowledge of heat and electri- 
cal subjects is essential. Previous industrial 
experience is not a necessity and full considera- 
tion will be given to applicants who have 
recently graduated. Permanent appointments 
offering good prospects to those interested in 
following a scientific career in industry. Salary 
according to age and qualifications. Staff Pen- 


sion Scheme. Apply for application form, 
quoting Ref. 23/EP/TD, to the Personnel 
Officer, Ferranti Limited, Ferry Road. Edin- 
burgh, W 2409 


GRADUATES with Honours Degrees in Physics 
or in Electrical Engineering are required by the 
British Thomson-Houston Company, Rugby, for 
research in the field of magnetron development; 
some knowledge radar is desirable. Applicants 
should write to the Director of Research giving 
their age, qualifications, and college, quoting 
reference DR. W 2362 


GRADUATES with an Honours Degree in 
Physics or in Electrical Engineering are required 
by the British Thomson-Houston Co. Ltd., 

Rugby, for research in the field of High Power 
Ultra High Frequency Valves. Applicants 
should write to the Director of Research giving 
their age, qualifications and College, quoting 
reference DR W 2483 


GUIDED WEAPONS. Vickers-Armstrong 
Limited, Weybridge, has vacancies for suitably 
qualified Senior and Junior Technicians, 

s, Craftsmen in the Electronics, Elec- 





their experience, etc., to Box No. W 2: 
FERGUSON RADIO CORPORATION 
LTD., have vacancies for: Senior E 
with initiative and sound technical ” back- 


ground for work on a wide range of projects 
in the field of Electronics including Television, 
Radio Communications and Test Equipment. 
Permanent posts for men able to carry 
responsibility in rapidly expanding departments 
Offering exceptional promotion and long-term 
prospects. Junior Engineers of ability for 
work on Development projects offering a_ wide 
experience in the fields of Television, Radio 
Communications and Test Equipment with 
excellent prospects for advancement. Vacancies 
exist in laboratories situated at both Enfield and 
Spennymoor, Durham. ese laboratories 
are well equipped and working conditions ex- 
cellent. Successful —— eligible for 
Company’s Pension and Life Assurance Scheme. 
Applications specifying the post for which 
application is made and giving full particu- 
lars as to age, qualifications and experience, 
etc. to: Personnel Manager. Ferguson Radio 
Corporation Ltd., Great Cambridge wut 
Enfield 2353 


FERRANTI LTD., (Computor ei an 
Moston, Manchester, have the following 
vacancies. (1) Senior Engineers for Research 
and Development work on large-scale electronic 
computing equipment. Previous research or 
development experience in electronics or with 
electromechanical devices is essential and candi- 
dates should preferably possess a first- or good 
second-class Honours degree in Electronic 
Engineering. Reference DCSE. (2) Engineers of 
approximately graduate status to be trained for 
maintenance of computing equipment. Experi- 
ence in the servicing of large electronic equip- 
ments such as radar systems would be an 





trical and Mechanical sections of the Guided 
Missiles field of research and development. 
Applications should be made to the Employ- 
ment Manager, Vickers-Armstrong Limited. 
Weybridge Works, Weybridge, Surrey. W 2367 


JUNIOR ENGINEERS required, with qualifi- 
cations up to H.N.C. standard for work in 
connection with design and development of 
small precision electrical apparatus. It is 
essential that applicants should have had pre- 
vious industrial experience of this class of 
work. The vacancies present excellent oppor- 
tunities and a generous salary will be paid 
to the selected applicants. Please sooty, giving 
full details of experience, to Box No. W 2418. 


JUNIOR ASSISTANT for Electrical Laboratory 
in Surbiton, Surrey, area. A year’s experience 
in industry an advantage but not essential. 
Five-day week, Contributory Pension Scheme. 
Write stating age and experience. Box No. 
W 2446. 


KELVIN AND HUGHES LTD., Barkingside, 
Essex, have vacancies for Research Engineers 
for experimental work relating to underwater 
sound apparatus. Applicants should be of 
Degree standard and should have a sound 
knowledge of communications, in particular 
electronics. Applications stating salary 
required should be addressed to the Personnel 
Manager. W 2292 





CLASSIFIED ANNOUNCEMENTS 
continued on page 8 





OCTOBER 1954 

















Servos, 
instru- 
micro- 
ircuits. 
Higher 
nanical 
‘ticular 
fice in 

The 
t staff 
ct of 
uipped 
within 
com- 
Appili- 
Staff 
Lancs. 
V 2413 


have 
mpor- 
ctrical 
Yegree 
lifica- 
lectri- 
ustrial 
idera- 
have 
ments 
ed in 
Salary 
Pen- 
form, 
onnel 
Edin- 
' 2409 


hysics 
y the 
y, for 
ment; 
icants 
giving 
1oting 


e in 
juired 
Ltd., 
ower 
icants 
siving 
oting 
2483 


trong 
itably 
sians, 


ppor- 
paid 
iving 


2418. 


atory 
ience 
ntial. 
eme. 

No. 


side, 
neers 
vater 
e of 
ound 
cular 
alary 
ynnel 
2292 


"i 








Speed: SOLDERING 
ut dows COSTS 


WITH 


ERSIN 


MULTICORE 
SOLDER 


Ersin Multicore Solder is now supplied with 5 cores of flux unless 
otherwise specified. The use of 5 core solder speeds up soldering 
processes because the cores of Ersin Flux are situated very near to 
the circumference of the solder wire, allowing the flux to be released 
immediately heat is applied. 

A new flux (type 362) has been formulated to remove heavy 
oxide deposits at high speed so that the molten solder wets the surface 
quickly, penetrating to molecular depth. Type 362 Ersin Flux has 
been exhaustively tested under high degrees of humidity and found to 
be completely non-corrosive. The residue is hard and non-sticky ; 
it will not collect dust or mould. 

Ersin Multicore 5 core solder has been welcomed by leading 
manufacturers of Radio, Television and Electronic equipment. The 
extra high speed characteristics of Ersin Multicore 5 core solder allow 
in many instances a solder of lower tin content to be used with 
consequent saving in cost. 

Solid solder wire, solder rings, printed circuits, Arax Multicore Solder 


(for non-electrical work), automatic soldering heads, special high and 
low melting point solders, etc., also available. Full details on request. 


THE MULTICORE RANGE COVERS 


EVERY SOLDERING NEED 


7 Ib. REEL 


Multicore Solder is supplied for 
factory use on nominal 7 Ib. reels 
in 6 alloys and 9 gauges with 5 
cores of Ersin Flux. 3 core solder 
available “on request. Other 
alloys and gauges supplied to 
special order. Prices on applica- 
tion. 





RADIO AND T/V 
SERVICE ENGINEERS’ 
1 Ib. REEL 


Approximately 167 ft. of 18 s.w.g. 
50/50 alloy is made up in an 
economy pack for Service Engineers 
or Workshops not requiring very 
large quantities of solder. Cat. 
Ref. R5V18, 15/- each (subject). 





BIB WIRE STRIPPER 
AND CUTTER 


This three-in-one tool strips insula- 
tion without nicking wire, cuts flex 
without leaving rough edges, splits 
extruded flex. Easily adjusted to 
most wire thicknesses. 3/6 each 


(subject). 








JELLY AND 
LIQUID FLUXES 


Ersin Flux in liquid or high- 
viscosity jelly form is available for 
processes where it is not convenient 
to use cored solder. Samples sent 
to manufacturers on request. 


LX se 





Nr 











TAPE SOLDER 


Useful for processes where no 
soldering iron can be used or the 
usual means of heating are no! 
available. Packed in 3} Ib. reels 
in widths from 4” to §” and thick- 
nesses from .005” with or without 


flux cores. Prices on application. 


ects WI 
, MATCH 








SIZE 1 CARTON 


Made in 4 _ specifications 
especially for radio enthusiasts. 





Cat. All | App. L’gth 
Ref. No. Tin Lead | 5.W.G. | per carton | 
C 16014 60/40 14 | 21 feet 
C 16018, 60/40 | 18 | 55 feet 


C 14013 40/60 | 13 | 19 feet 





C 14016 40/60 | 16 | 38 feet 





5/- each (subject). 
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SITUATIONS VACANT (Cont’d.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








KELVIN HUGHES LTD., Barkingside, 
Essex, have vacancies for Technical Assistants 
for development of electro-mechanical and 
electronic instruments (Marine). Work in- 
volves initial experiments, sea- “going — pre- 
roduction models and factory liaison. 
oonslonat visits overseas are arra q 
Qualifications:—Practical: five years workshop 
or drawing office experience. Academic: City 
and Guilds Telecommunications Final Group 
Certificate, or equivalent. Applications, stating 
salary required should be addressed to the Per- 
sonnel Manager. W 2293 


LABORATORY ASSISTANT required for 
interesting and varied work, involving acoustic 
and vibration measurements, use of strain 
gauges, pyrometry, and the development, appli- 
cation and servicing of electronic equipment as 
applied to the testing of steam and gas turbines, 
gears, alternators, etc. Practical experience of 
electronic equipment, and completion of 
National Service, if age under 26, essential. 
H.N.C. and engineering experience an advan- 
tage. Staff pension scheme. Apply, stating 
experience, age and salary required. to The 
Secretary. W. H. Allen, Sons & Co. Ltd., 
Queens Engineering Works, Bedford. W 2351 
and 


LABORATORY TECHNICIANS, male 
female, required for work on both chemical and 
physical aspects of semi-conductors. A number 
of vacancies are available for various grades 
of academic qualifications and _ experience. 
Salary, in accordance with qualifications and 
experience, up to £600 per annum. New housing 
accommodation available for selected applicants. 
Apply in writing to Personnel Manager, Stan- 





dard Telephones & Cables Ltd., Edinburgh 
ay, Harlow, Essex. W 2463 
MICROWAVE ENGINEERS required for 


research and development laboratory at Felt- 
ham, Middlesex. Applicants should have a good 
academic background with previous experience 
of microwave problems and design of micro- 
wave components. Two vacancies exist, one 
requiring qualities of leadership. Applicants 
should write with full details to Personnel 
Department (ED/201), E.M.I. Eng. Dev. Ltd., 
Hayes, Middlesex. W 2473 








MULLARD RESEARCH LABORATORIES 
invite applications from Honours Graduates to 
carry out research and development on the 
application of new magnetic materials to com- 


putors. Initially, the work will be concerned 
with digital storage and information-handling 
devices incorporating ferrite cores. Post- 


graduate experience in either computor tech- 
niques, transistors or magnetic devices would 
be an advantage. The work calls for a high 
degree of individual responsibility and there is 
great scope for initiative and inventiveness. 
Publication of results will be encouraged. 
Salaries are based on qualifications, experience 
and age, and are in keeping with present-day 
levels. General prospects within the organiza- 
tion are excellent. Applications to Mr. G. A. 


Taylor, Personnel Manager, Mullard Research 
Laboratories, Cross Oak Lane, Salfords, Near 
Redhill, Surrey, quoting reference E R.L. 

W 2453 





McMICHAEL RADIO LTD.. require Senior 
and Junior Engineers in their equipment 
division laboratory at Slough. Training and 
experience in the field of applied electronics 


ELECTRONIC ENGINEERING 


(including communications) and experience of 
working with Government Departments are the 
chief qualifications required. Write stating age 
and full details of trainin; qualifications and 


experience to the Chief ngineer, ——— 
Division, McMichael Radio Ltd., Slough, 
Bucks W 157 


MICROWAVE ENGINEERS. Vacancies ex’st 
for (a) a Senior Development Engineer with 
considerable experience in the development of 
microwave communications apparatus, to take 
cha-ge of a section being formed. (b) Develop 
ment Engineers to work on projects in the 
above section. Good working conditions in an 
expanding laboratory. Five-day week. Pension 
scheme. Please give full details of experience, 
which will be treated in confidence, to Chief 


Engineer, Communications Laborato-y, Redifon 
pares. Broomhill Road, Wandsworth, 
-W.18. 


OLD ESTABLISHED BRITISH COMPANY in 
Far East requires the services of a Technical 
Sales Assistant. Candidates should p eferably 
be between the ages of 23-27, of good educa- 
tion and have a general knowledge of some of 
the following: (a) Broadcast and Telecommuni- 
cations Equipment (b) Television; (c) Cinema 
Equipment; (d) Light Electrical Engineering. 
Sales experience an advantage. Write in con- 
fidence to Box ‘‘SE/28’’, c/o 95, Bishopsgate, 
E.C.2. W 2431 


PRODUCTION ENGINEER required to or- 
ganise the manufacture of wire wound resis- 
tances. Wide experience essential. This is a 
new department of an existing company offer- 
ing considerable scope for early advancement. 
Box No. W 1130. 


PRODUCTION ENGINEERS required by a 
large engineering organisation situated in the 
London area. Applications are invited from 
men with appropriate engineering qualifications 
and experience in the electronic engineering 
fields. The successful candidates will have 
extensive experience of administration, tool 
design, estimating and time and motion study, 
and will be acquainted with the most up-to-date 
production methods and techniques. They will 
have experience of small batch production of 
electronic equipment and/or light  electro- 
mechanical precision instruments. For men 
with the required qualifications, initiative and 
drive, these vacancies pzovide excellent pros- 
pects in a rapidly expanding organisation. 
Please write, in strictest confidence. giving full 
details of experience to Box No. 


PYE LIMITED have a vacancy in newly-formed 
London Division of their Cambridge Labora- 
tories for a Television Development Engineer 
or Physicist with at least four years’ experience 
of designing television projection equipment. A 
good knowledge of wide aperture optics and 
electron optics is very desirable. A_ senior 
postion might be offered to a suitable appli- 
cant. Apply in writing, stating age, experience 
and qualifications to: Head of Londdn Division, 
Pye Laboratories, 79a, Parkhurst Road. Lon- 
don, N.7 W 1142 


PYE TELECOMMUNICATIONS LTD., Cam- 
bridge, invite applications from suitably quali- 
fied persons for the following immediate 
vacancies. P!anning Engineer, experienced in 
the layout of HF. and V.H.F. Radio Com- 
munications systems. Electronic Engineer, for 
the developing of H.F. equipment. The appli- 
cant filling this post will be responsible for the 
supervision of projects to the production stage 
and will work under the general direction of 
the Senior Engineer. Junior Engineers. Duties 
will include development work on communica- 
tion equipments in the H.F., V.H.F. and 
U.H.F. fields. These vacancies will call for men 
with design experience and with training to 
Higher National Certificate level. Good work- 
ing conditions in modern factory with sports, 
social and canteen’ facilities. Excellent oppor- 
tunities for further study. Single accommoda- 
tion available. Applications, in writing, stating 
age, qualifications, and experience, should be 
addressed to the Personnel Manager. W 203 


RADAR OBSERVER (Ground) (ref. E.E./4) 
to act as this company’s representative at a 
Ministry of Supply Establishment in Wales. 
Duties will include liaison between the com- 
pany’s and the Ministry’s technicians. Appli- 
cants should have a go< od technical background 
of radar or communications equipment. Assis- 
tant Electronic Engineer (ref. E.E./5) to main- 
tairl and assist in the operation of development 
test gear for guided missile projects. Consider- 
able experience of pulse or radar equipment 
is necessary. This vacancy is at our establish- 
ment in Wales. App-opriate training and 





experience in H.M. Forces would qualify for 
either of the above positions. Good salaries 
with bonus. Excellent opportunities for 
advancement in this new field. Pension Scheme, 
Apply, quoting reference above, with full 
details of experience, to The Assistant Manager, 
The Fairey Aviation Co. Ltd., Weapon Divi: 
sion, Heston Aerodrome, Hounslow, Middlesex. 


W 2394 
RADIO AND RADAR TESTERS. First class 
men required for work on V. Communi- 


cation Equipment by Midland Manufacturers, 
Men with wide experience of Fault Finding in 
any of the fields mentioned should write giving 
full details to Box No. W 2438 


REQUIRED, keen young Engineer or Physicist 
(completed National Service) for interesting 
work on scientific and industrial instruments 
employing servo mechanisms and_ electronic 
techniques. Technical education to level of 
H with sound knowledge of basic elec- 
trical and magnetic principles, and willingness 
to learn. Good salary and excellent prospects 
for the right man. Write giving full details 
to W. G. Pye Ltd., Granta Works, Newmarket 
Road, Cambridge. W 1136 


RESEARCH & DEVELOPMENT ENGINEERS 
are required by British Telecommunications 
Research Ltd., a company associated with the 
Automatic Telephone & Electric Co., Ltd., 
and British Insulated Callender’s Cables Ltd., 
for work on long term development projects 
in the following fields:—(a) Wide-band line 
communication systems; (b) Microwave radio 
systems; (c) Point-to-point television _trans- 
mission systems; (d) Measuring and _ testing 
equipment for the above. Attractive Posts are 
offered to qualified engineers with experience 
in any of the above fields, and further vacan- 
cies exist for junior engineers and_ technical 
assistants. The Company operates a_ super- 
annuation scheme, and offers attractive working 
conditions with generous holiday and _ leave 
arrangements and good social and recreational 
facilities. All applications will be dealt with 
in confidence and should be addressed to the 
Executive Director, British Telecommunications 
Research Ltd., Taplow Court, Taplow, a 


RESEARCH ENGINEER OR’ PHYSICIST 
required to undertake research and_ technical 
control in connection with the manufacture of 
wire wound _ resistances. Good _ technical 
education and experience in this field essential. 
This is a new department of an existing com- 
pany offering considerable scope for advance- 
ment. Box No. W 1131 


SALES ENGINEER required by manufacturer 
of components and electro-mechanical devices 
for the light electrical, electronic and telecom- 
munications industries. Duties would embrace 
techn’cal/commercial liaison between customers 
and London Sales Office. Previous experience 
in similar position desirable but not essential— 
excellent opportunity for qualified design or 
development engineer to enter the commercial 
field. Write, in strictest confidence, providing 
full details of qualifications. age, past experi- 
ence, salary required, etc. Box No. W 2474. 


SALES ENGINEER required by group of small 
companies. Good general knowledge electronics 
equipment for Services and civilian use neces- 
sary. Some selling experience advantageous. 
Exceptional opportunity in Westminster for 
young man with good academic background, 
personality and initiative. Box No. W 1154. 


SEMI-CONDUCTORS. The following personnel 
are required for development of new types of 
trans‘stors and other semi-conducting devices, 
improvements of existing types and development 
of methods of manufacture: Development 
Engineers, for work on development and 
engineering control of p-oduction of semi-con- 
ducting devices. Qualifications: Science or 
Engineering Degree, preferably with factory 
experience. Equipment Engineers, for develop- 
ment of equipment for assembly and testing. 
Oua'ifications : Engineering Degree or 

Certificate, preferably with factory experience. 
Draughtsmen, for jig and tool design and 
machine layout work. Radio Mechanics, for 
building, calibration, and_ servicing of test 
equipment, including V.H.F. Applications 
stating age, qualifications and previous experi- 
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An out Cf al din (~ Justly acclaimed as Britain’s finest 

oe, post-war communication receiver 

the BRT 400 D is in widespread use 

| by Military, Post and Telegraph and 

uy eC Cla purp Q S c Broadcasting authorities throughout 
the world. 

: t : Combining first-class performance 

(' OMMUNAC a 1On with a wide range of facilities, the 


BRT 400 D is equally suitable for 





. both narrow-band telegraphy and 

recelver wide-band telephony reception— 
with a very high standard of 
reliability. 
It is available in either cabinet or 
rack mounting form, with a 500 kc/s 
crystal calibration unit as an op- 
tional extra. Normal operation is 
from an A.C. mains supply: an 
auxiliary power unit is available for 
12 volt battery operation. 


BRT 400D 


SNH 
: SHORT SPECIFICATION : 





nitty 


TUOUUVEESIOGSEUAOOUANOALA 





BAND COVERAGE OVERALL FIDELITY = 
0.150—0.385 Mc/s | . Less than 2 db down at 50 c/s = 
0.5 al Mc/s J 6 bands Less than 6 db down at 5,500 c/s 2 
_ _ SENSIFIVITY A.G.C. CHARACTERISTICS : 
Better than 1.0 pV for 1.5 watts output, over the whole 


Output constant within 3 db for 100 db change in 
signal input. : 
SIGNAL|NOISE RATIO : 
Standard input for 20 db:— OUTPUT CIRCUITS E 


band. 


IYSUUTNUYONOOOUQNESSAEONUUET 








= 1.3—30.0 Mc/s ye ct we < 7.0nV At 2.5 or 15 ohms Ay ? ose, 2.5. Watts 
= 0.150—1.3 Mc/s... oe oie € TO, pV Ati120o0hms _... Ne pe .-. 0.05 watts 
= At 600 ohms ae eas aie «+» O.2 watts 
= SELECTIVITY 
= _ Six switched bandwidths:— POWER SUPPLY 
= 0.5 kc/s 1.0 kc/s 2.0 kc/s 95—130 and 195—250 volts, 40/80 c/s. Also trom 
5.5 kc/s 9.0 kc/s 13.0 kc/s 12 volt battery, using BRT 4o1 auxillary power unit. = 








= For the full specification please send for a copy of publication BC2084. = 
aU HHUA 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








ence to the Superintendent, British Thomson- 
Houston Co. Ltd., Lutterworth. W 2441 


SENIOR AND JUNIOR’ ELECTRONIC 
ENGINEERS are required for interesting and 
varied work in the Nelson Research Labora- 
tories, The English Electric Co. Ltd., Stafford. 
Applicants should have a sound workshop 
experience, some knowledge of drawing office 
rocedure, and minimum qualifications of 
igher National Certificate. Duties involve 
responsibility for the engineering design of pro- 
totype electronic equipment and the preparation 
of manufacturing information. ese posts 
offer scope for advancement to men with 
initiative and ability. Salary, according to 
qualifications and experience, ee, with 
present-day levels. Write with fi —_ » 

Ref. 3053, Dept. C.P.S., 336/7, Strand, 
Wan 


SENIOR DEVELOPMENT ENGINEER. Posi- 
tion for a senior engineer with creative ability 
having good qualifications in physics and radio 


engineering. Several years’ experience and 
A.M.LE.E. minimum. Work in modern 
expanding firm in W. London district. Salary 


up to £1,000 per annum. Please write in strict 
confidence to Box No. W 2452. 


SENIOR DESIGN AND DEVELOPMENT 
ENGINEER required by well-known manufac- 
turer (North-West England) of switches, relays 
and small electro-mechanical assemblies for the 
light electrical, electronic and telecommunica- 
tions industries. Applicants should have suffi- 
cient personality and experience to administer 
and organise the development activity of the 
advertiser in respect of these products. Written 
applications, which can be made in the strictest 
confidence, should provide full particulars of 
qualifications, experience. age, salary required, 
etc., to Box No. W 1133. 





SENIOR ENGINEERING APPOINTMENTS. 
Consequent on continued expansion of activities 
and recent promotions a large company in the 
London area has vacancies in the grade of 
assistant chief engineer for several electronic 
and radio engineers. Applicants should be able 
to furnish evidence of experience in a similar 
post or possess a background of at least five 
years’ work in a senior engineering capacity 
on development or design work. These posts 
command a very adequate salary and offer 
excellent opportunities for promotion. Apply, 
in strictest confidence, to Box No. W 2450. 





SENIOR METHODS ENGINEER required by 
a large engineering organisation situated in the 
London area. Applications are invited from 
men with good engineerirg qualifications and 
experience in the manufacture of light electri- 
cal products, ~~ ey wide range of coil- 
winding processes. ie successful candidate 
will have extensive experience of this class of 
work and will be acquainted with the most 
up-to-date production methods and techniques, 
including work study and standard costs. For 
a man with the required qualifications, initia- 
tive and drive this vacancy provides excellent 
prospects in a rapidly expanding organisation. 
A generous salary will be paid to the selected 
applicant. Please re ply, in confidence, giving 
full details to Box . W 2475. 


SHORT BROTHERS & HARLAND LTD., 
Belfast require a Laboratory Superintendent for 
their Research Department. € position in- 
volves responsibility for providing equipment 
supplies and services in the Laboratories; also 
control of Laboratory personnel. Candidates 
should possess organising ability, and be familiar 
with the running of a Laboratory or Work- 
shop. Experience in light electrical equipment 
or precision instruments essential. Considerable 
tenacity and drive necessary to co-ordinate and 
sustain action with external official bodies. This 
appointment is suitable for a retired officer of 
one of the Technical Branches of the Services. 
Assistance with housing, and with removal ex- 





penses. Send full detans of age, qualifications 
and experience, quoting Ref. ST.App. to 
Staff Appointments Officer, Short Bros. and 
Harland Ltd., P.O. Box No. 241, Belfast. 
W 2386 
SHORT BROTHERS AND HARLAND 
LIMITED have vacancies in their Research 
Department for the following additional staff 
to work on guided Missiles and other interesting 
military and commercial grees. _ Mechanical 
Section: Senior E s and 
Technical Assistants to develop hydraulic and 
pneumatic servos, precision mechanical 
devices, etc. Electronics Section: Senior 

s, Engi s and Technical Assistants 
to “work on computing, navigational and se:vo 








systems. Electro-mechanical Section: Engin- 
eers and Technical istants to develop 
small electro-magnetic devices, navigational 
instruments, etc. Qualifications: Senior 
Engineers. Honours Degree plus at least 5 years’ 
good engineering development experience. 
Engineers: University Degree or equivalent 


with several years’ experience of development 


work. Technical Assistants: H.N.C. or 
equivalent, with good practical experience in 
appropriate _ field. These are permanent 


positions in an expanding organization. Good 
salaries and prospects for men with initiative; 
Pension scheme; assistance with housing. Send 
full particulars of age, qualifications and ex- 


perience, with salary required to Short 
Brothers and Harland Limited, Castlereagh 
Factory, Belfast, quoting Ref. No. ey bags 


SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT Limited have vacancies - for 
qualified Electronic Engineers for Flight Trials 
work on guided missiles. Experience on 
electronic experimental work or Service ex- 
perience on radio or radar is essential. Age 
limits 27-38 years. Applications, giving par- 
ticulars of qualifications and experience, should 

addressed to The Chief Engineer, Arma- 
ments Division, Sir ; Armstrong Whit- 
worth Aircraft Ltd., Baginton, aan — 5 


WwW. G. ARMSTRONG-WHITWORTH ; 


SIR 
AIRCRAFT LTD., 
Guided Weapons. 


Baginton, Nr. Coventry. 
There are vacancies for 
the following Technical Staff for -work on 
Guided Missiles: Electronic Engineers with 
experience of research and development work 
on radar, television or similar fields, and pre- 
ferably with Service experience. A University 
Degree or similar qualification is essential. 
Required to undertake research and engineer- 
ing development on various forms of com- 
munication systems and for work connected 
with the overall electrical design of guided 
missiles. W 2404 





SPECIAL PURPOSE MACHINE DESIGNERS. 
A large and well-known company in the London 
area, manufacturing light electrical and 
mechanical products, is seeking the services of 
designers and manufacturers of special purpose 
machines and electrical test gear. Please write, 
giving full particulars, to Box No. W 2401. 





ELECTRONIC ENGINEERING 


SUPERINTENDENT for Electronic and Radar 
Test Department required by established firm 
opening up large new factory near South Coast. 
Applicants must have the following qualifica- 
tions: (a) Ability to organise and control staff. 
(b) A good technical background. (c) Experi- 
ence in production testing of microwave radar, 


servo and pulse equipment requirements. 
Housing and superannuation scheme available. 
Salary commensurate with experience and 
ability. 


Full details of education and experi- 
ence to Box No. W 2420. 


TECHNICAL ASSISTANT, Inter.B.Sc., or 
Higher National Certificate together with some 
years’ experience in electronic circuitry, required 
at Research and Development Dept., near 
Epsom. Please apply: Staff Manager, The Dis- 
tillers Co. Ltd., 21 St. James’s Square, S.W.1. 
Quote Ref.: Res. 654. W 2379 


TECHNICAL ASSISTANT required by large 
firm of cable manufacturers for the testing of 
High Frequency and Land Communication 
Cables. Previous experience in cable testing 
essential. O.N.C. standard in electrical engin- 
eering would be an advantage. Salary in 
accordance with qualifications and experience. 
Five-day week and Pension Scheme. Details, 


10 











quoting reference CD/1, to: Staff Officer, The 
Telegraph Construction & Maintenance: Co. 
Ltd., Telcon Works, Greenwich, S.E.1 ie am 


TECHNICAL ASSISTANTS (ELECTRONIC), 
Men required of Final Certificate City and 
Guilds Telecommunications standard and with 
experience in V.H.F. and Men with 
compensating experience in these frequencies 
can be considered. Opportunity to broaden 
experience and avoid restrictive specialization. 
Saturday interview if required. Apply Marconi 
Instruments Ltd., Longacres, Hatfield Road, 
St. Albans. W 2443 


TECHNICIANS are required to participate in 
the work of new and expanding lamp and 
cathode-ray tube ove ro rom within the 
Osram group of the G Applicants should 
be of H.N.C. or ONG standard with the 
ability to carry out careful experiments to a 
programme which, to a certain extent, they will 
initiate. There will be a training period under 
the supervision of experienced development 
engineers. The work is in West London, but 
there will be opportunities for travelling to 
other parts of the country. Apply to: Personnel 
Officer, Osram-G.E.C. Lamp Works, Hammer- 
smith, 6. W 2470 


TELEPHONE TRANSMISSION SENIOR EN- 

GINEERS. Opportunities are offered for com- 
petent engineers to’ direct the work of research 
and development of various groups associated 
with carrier transmission and electronics as 
applied to Telecommunications. Commencing 
salary up to £1,000 p.a. according to qualifica- 
— — experience. London area. Box No. 


THE ELECTRONICS DEPARTMENT of a 
large manufacturing Company requires enthu- 
siastic and experienced senior and junior elec- 
tronic and electro-mechanical engineers for new 
developments in internal and commercial instru- 
—— work. The Company is situated in 

leasant countryside on the outskirts of 

olverhampton. A superannuation scheme is in 
operation. Initial salaries will be commensurate 
with ability and there are fs opportunities 
for advancement. Box No. z. 


THE ENGLISH ELECTRIC CO. LTD., Luton, 
Beds, has the following vacancies: (1) Check 
Test Inspector, offering good staff prospects 
and covering a wide and interesting field of 
engineering. Applicants should have H.N.C. 
or equivalent, and considerable experience in 
two or more of the following: Miniaturized 
electronic equipment, test gear, pulse circuitry, 
microwaves. perience of A.I.D. test pro- 
cedure would be an advantage. Housing will 

made available. to a successful applicant 
from the Greater London area. Reference 
1355B. (2) Junior Technical Assistant with a 
degree or H.N.C. in mechanical engineering 
to assist in the design of guided missile rocket 


motors Reference 1325D. ApPYy, ss 
appropriate reference, to Dept. es 
Strand, W.C.2. 


THE GENERAL ELECTRIC CO., LTD., 
Brown’s Lane, Coventry, require Senior and 
Junior Electronic Development Engineers for 
work on Guided Weapons and like projects, 
we nage v3 in the field of Microwave and 
ulse Applications. Mechanical Development 
Engineers, igner Draughtsmen and 
Draughtsmen, preferably with experience of 
Radar type equipments, also required for the 
above projects. Salary according to age, 
qualifications and experience. Apply by letter, 
stating age and experience to the Personnel 
Manager (Ref. R.G.). W 169 


TRANSFORMER DESIGNER required for 
development projects involving audio-frequency 
power transformers, pulse transfomers, oil-filled 
units, ‘etc. Apply stating age, qualifications and 
experience to the Personnel Manager (Ref. 

.), The General Electric Co., Ltd., Brown’s 
Lane, Allesley, Coventry. W 192 


TRANSFORMER DESIGN _ ENGINEER. 
Ferranti Ltd., Edinburgh, invite applications 
for the above vacancy in their Edinburgh 
works. The duties involve the designing and 
the engineering for production purposes of 
small electronic type transformers. Previous 
experience of this work is desirable. Minimum 
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Qn Outitanding Qdvantage 


OF THE 





Ni N Lightweight SILVER-ZINC 


ACCUMULATOR 















For a number of years the Venner Lightweight Silver-Zinc Accumulator 
has undergone the most exacting tests to ensure its effectiveness in con- 
stancy of voltage and high rate of discharge which makes it so superior to 
the ordinary heavyweight and large size accumulators of similar capacity 
and power. It has proved itself in all climates with outstanding success. 


Where size and weight are a serious disadvantage in electrical storage, the 
Venner Accumulator is ideal. Write for illustrated technical literature EE/A. 


VENNER ACCUMULATORS LTD., Kingston By-pass, New Malden, Surrey. Tel.: MALden 2442 (7 lines) 


ASSOCIATED COMPANIES : VENNER LIMITED VENNER ELECTRONICS Z LTD. 
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SITUATIONS VACANT (Contd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 2. 








technical qualifications: H.N.C. or equivalent. 
A commensurate salary will be paid. Interest- 
ing work offering full scope for initiative and 
good prospects. Staff Pension Scheme. Modern 
canteen facilities. Five-day week. Apply. 
wees Ref. TDE/TD, and give full details of 
ualifications and experience to the Personnel 

er, Ferranti Limited, Ferry Road, m4 
burgh, 5. W 2388 


UNICAM INSTRUMENTS invite applications 
from physicists for electronic research and 
development in the field of spectrophotometry. 
Write in the first instance to the Director of 
Research, Unican Instruments Ltd., Arbury 
Works, Cambridge. W2 


URGENTLY required, young single men as 
electronic wiremen, assemblers and fitters, also 
junior and senior Test Engineers in connection 
with television cameras and ancillary equipment. 
Apply in writing to Personnel Officer, Dept. 24, 
Pye Ltd., Radio Works, Cambridge. W 2482 


VACANCIES exist in the Liverpool and Wirral 
area for technicians with experience of Radar, 


Predictors, or similar electronic equipment. 
Wages commencing £7 7s. per week. Apply 
4 Mura, Bluebell Lane, Huyton, Liverpool. 
Tel.: HUYton 3261. WwW 0 
YOUNG GRADUATES completing _ their 
National Service are invited to apply for 


research and development posts in a new and 
expanding Electronic Tube Laboratory. Com- 
prehensive training at attractive starting salary, 
and excellent opportunities for a progressive 


career. Please write for further details to the 
Personnel Officer, Ericsson Telephones Limited, 
Beeston, Nottingham. W 2415 


YOUNG MAN with sound technical education 
required by Unicam Instruments Ltd., Arbury 
Works, Cambridge, for installation and main- 


tenance of scientific equipment in university 
and industrial laboratories. Thorough training 
will be given to selected applicant. Write in 
first instance to Personnel Manager, giving age, 
full details of education, and previous experi- 
ence, if any. W 2468 





Further “ Situations Vacant”’ advertisements 
appear in display form on pages 107,116, 
119. 








FOR SALE 





CAMBRIDGE pot 450 ohm, 
unused, 50s. each. W 1137 


MAGSLIPS at 1/10th to 1/20th of List Prices. 
Huge stocks. lease state requirements. K. 
Logan, Grove Road, Hitchin 1744, —, ss 


MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. See 
ouc display advertisement on page 120. W 202 


METALWORK. All types cabinets, chassis, 
racks, etc., to your own specifications. Phil- 
pott’s Metal Works Ltd. (G4B1), Chapman 
Street, Loughborough. W 2294 


SINE-COSINE RESOLVERS (3 in. Magslip 
Transmitters No. 5, AP 10861). Brand new, 
each in maker’s tin. Offered in quantity at less 
than one tenth of cost. Export inquiries in- 
vited. P. B. Crawshay, 166 Pixmore Way. 
Letchworth, Herts. W 153 


galvanometers, 





SERVICE 





WEBB’S SERVICE DEPT. for complete reno- 
vation of comp'ex communication receivers of 
any make. Test report issued showing sensitivity 
selectivity, signal/noise equal to, or better than, 
maker’s original figures. Webb’s Radio, 14 
Soho Street, London, W.1. W 196 


EDUCATIONAL 





BOROUGH POLYTECHNIC, Borough Road, 
S.E.1. A course of five lectures on nucleonic 
circuitry will be given by members of the staff 
of the Atomic Energy Establishment, Harwell. 
Lectures will be given on Wednesday evenings 
at 7 p.m. commencing 20th October. Fee 
£1 10s. Od. Syllabus and application form 
obtainable from the Secretary. W 2458 


CITY & GUILDS (Electrical, etc.) on ‘* No 
Pass—No Fee’’ terms. Over 95 per cent 
successes. For full details of modern courses 
in all branches of Electrical Technology send 
for our 144- ae handbook—Free and _ post 
free. B.IE. (Dept. 337C). 29 “Te 
Lane, London, “W.8. 


FREE Brochure giving details of courses M 
Electrical Engineering and Electronics, covering 
A.M.Brit.I.R.E., City and Guilds, etc. Train 
with the Postal Training College operated by 
an Industrial Organisation. Moderate fees. 
Dept. EE29, E.M.I. Institutes, London, Wi 


T.V. AND RADIO—A.M.Brit. I.R.E., City 
& Guilds, R.T.E.B. Certificate, etc., on “ No 
Pass—No Fee” terms. Over 95 per cent suc- 
cesses. Details of Examinations and Home 
Training Courses in all branches of Radio and 
T.V. rite for 144-page handbook — Fret. 
B.I.E.T. (Dept. 337H), 29 Wrights Lane, Lon- 
don, W.8. 'W 187 





PATENTS 





= PROPRIETORS of British Patent No. 

653,009, dated the 19th of March, 1948, relating 
to “Improvements in or relating to Devices for 
Phase Modulation of Electric Oscillations’’, are 
desirous of entering into an arrangement by 
way of a licence or otherwise on reasonable 
terms for the purpose of exploiting the above 
Patent and ensuring its practical working in 
Great Britain. All enquiries to be addressed 
to Heron Rogers & Company, Bridge House, 
181, Queen Victoria Street, London, Rare 











SEMS make it easy 





You pick up a G.K.N. Sems Fastener Unit without fumbling, because the two standard types are 


made, with screw and lockwasher in one. 


be, without trouble. But try shaking it loose . . . that’s not so easy. 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD. 


s/sFu/2¢5¢ 
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You drive it home in a moment. 


You unscrew it, if need 





12 


SCREW DIVISION: BOX 24, HEATH ST., BIRMINGHAM 18 
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SERVOMEX 


% / A.C.2 VoLTAGEZSTABILISER 
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445 





4 

' T , igs : " ; 
: his Servomex A.C.2 Stabiliser gives every satisfaction 

for the most exacting scientific and industrial work. It is 

insensitive to change of frequency—load power factor—temperature— 
supply waveform. It is unaffected by vibration and 
bumping, and is free from slow drift. Other important 


features are :— 


/ 
' 


1. Output continuously variable. 2. Zero distortion. 
3. Metered for current and voltage. 4. Max. Current 10 amps at 200/240 volts. 


’ 
! 
’ 
| 
! 
! 
! 
’ 
' 
’ 
’ 
i 
t 
; Send for data sheet. 


SERVOMEX CONTROLS LIMITED 


Crowborough Hill - Jarvis Brook - Sussex Telephone : Crowborough 1247 
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ADVANCE COMPONENTS LTD., MARLOWE RD., WALTHAMSTOW, LONDON, E.17. Telephone : LARkswood 4366/7/8 







A high precision piston type unit for direct 

















coupling to a resonator. Works in the least 
attenuation mode H,, (TE,,) and ensures strict 
linearity. A crystal diode and non-inductive 
capacitor are built in so that the output voltage 
can be read directly on a meter connected to the 


termination provided. 





LAT 10s. 


Output impedance 75 ohms @ Attenuation range, 125 db i (NETT PRICE IN U.K.) 
@ Waveguide Cut-off frequency, 9200 Mc/s. @ % 
i 
Diameter of bore, 0.750 in. °* Piston travel, 0.01113 in. per degree Fe 
rotation,of spindle . Size, 12} in. X 2% in. X 2} in. (excluding 4 


output plug) ° Weight, approximately 2 lb. 


TYPE A 


PISTON 
ATTENUATOR 





FULL TECHNICAL DETAILS IN FOLDER M24 


ADVANCE COMPONENTS LTD., MARLOWE RD., WALTHAMSTOW, LONDON, E.17. Telephone : LARkswood 4366/7/8 
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Track Assembly 
Moulded with 


‘Araldite’ 


This selector unit (part of the Ultra Jet Pipe 
Temperature Control System) controls the 
temperature of the exhaust gases of a turbo-jet 
aero-engine. 

The resistance elements and track segments are 
moulded in ‘Araldite’ Casting Resin B, simplify- 
ing assembly and sealing the elements against 
climatic changes and ensuring mechanical 
stability. 

This is another example of the versatility of 
‘Araldite’ epoxy casting resins which combine 
exceptionally low shrinkage on setting with 
resistance to high temperatures, humidity and 
corrosive agents. ‘Araldite’ epoxies are facilitat- 
ing production in many industries—most 
notably in the potting and sealing of components 
for radio, electronics and electrical engineering 


Photo courtesy generally. 
of Ultra 
Electric 
Limited 













































THESE ARE THE NEW EPOXIES! 
‘Araldite’ (regd.) epoxy resins are obtainable in the following forms :— 
@ Hot and cold setting adhesives for metals and most other materials in common use 
@ Casting resins for the electrical, mechanical and chemical engineering industries 


@ Surface coating resins for the paint industry and for the protection of metal surfaces 


Full details will be sent gladly on request. 











¢ Araldite epoxy casting resins 


Aero Research Limited 


DUXFORD, CAMBRIDGE. Telephone: Sawston 187 A Ciba Company 
@ 264-754 
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<> AUDIO FREQUENCY 
EQUIPMENT 


POWER OUTPUT METER Type 708 


Output powers from | milliwatt to 20 watts may be measured by 
this instrument, in the frequency range 30 c/s to 30 kc/s. No 
tapped matching transformer is used, and the input impedance 
remains resistive and constant over the whole frequency range. 





Power Range : | milliwatt to 20 watts in 4 ranges. 

Frequency Range: 30 c/s—30 kc/s. 

Input Impedance : 2, 4, 7, 10, 15, 20, 40, 75, 100, 140, 250, 400, 
600, 1,000, 2,000, 3,000, and 5,000 ohms. 

Accuracy : +10% of full scale power from 30 c/s to 
15 kc/s. The meter reading is oitiienids 
| db low at 30 kc/s. 

Dimensions : 19 in. wide, 6} in. high and 8} in. deep. 














L.F. SIGNAL GENERATOR Type 702 — 


This Signal Generator utilises a resistance-capacitance 
type of oscillator to provide stable, accurate and easily 
controlled voltages in the frequency range 30 c/s— 
30 kc/s. A screened and balanced output transformer 
and attenuator enable unbalanced, balanced and floating 
outputs to be obtained from a source of constant 
600 ohm impedance. 

Frequency Range : 30 c/s—300 c/s, 300 c/s—3 kc/s, 


3 kc/s—30 kc/s. 
Stability : +0.05%, +0.5 c/s. 
Attenuator : A 600 ohm constant impedance 


attenuator provides steps of 20, 40 
and 60 db of attenuation under all 
output conditions. 

Dimensions : 19 in. wide, 12 in. high and 84 in. 
deep. 

















FREQUENCY METER Type 726 


This instrument indicates directly on a large scale meter, the 
frequency of any repetitive electrical waveform of amplitude 
between 0.1 and 20 volts, over the range 20 c/s to 20 kc/s. When 
used as a tachometer, measurement of speeds of rotary or 
reciprocating movements may be made up to 1,200,000 r.p.m. 
without loading the mechanism under test in any way. 


Frequency Range : 0—200 c/s, O—12,000 r.p.m. 
0—2,000 c/s, O—120,000 r.p.m. 
0—20,000 c/s, O—1,200,000 r.p.m. 
Accuracy : +1% of f.s.d. 


Power Outputs: Output voltages are available for operating 
Airmec Photocell Equipment. 














Full details of these or any other Airmec instruments will be forwarded gladly upon request. 


AIR M E C HIGH WYCOMBE — #BUCKINGHAMSHIRE 


D Telephone: High Wycombe 2060 Cables: Airmec High Wycombe 
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VOLTAGE TRAMSTORMERS a RESEARCH 


alt desi 
Orl or 0-01 a 


CONSTANT VOLTAGE.... 


In problems of analysis today, the chemist is aided to an 


increasing degree by electronics. However, spectroscopic 
techniques and apparatus depend for their accuracy on a 
reliable constant voltage supply, and here Advance 
Constant Voltage Transformers provide the answer. 
Purely automatic, and with no thermionic valves 
or moving parts, they can be relied upon 
to provide the stabilized A.C. voltage 
so necessary in the laboratory. 


Full details given in 


folder M.15 gladly 
CONSTANT VOLTAGE 
Illustration of spectrophotometer TRAN Ss F '@) Me | E R S 


by courtesy of Unicam Instrum ents 





ADVANCE COMPONENTS LTD. 
MARLOWE RD., WALTHAMSTOW, LONDON, E.1I7. Tel : LARkswood 4366/7/8 
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ALL-POWER 


REGULATED POWER SUPPLIES 














SERIES 500 


An entirely new range of units, designed 
for the highest possible performance 
and overall efficiency. 


Now in large scale production and 
available for prompt delivery. 


Model 50! 
(fitted with end frames) 


ABRIDGED DATA 


(Further information on request) 





















































| 
Data | Model 501 Model 502 | Model 503 Model 504 Model 505 
Output 200-500V 200-500V | 0-500V 0-500V 0-500V 
250mA 250mA 250mA 250mA 150mA 
e 5 Number of Ranges 2 2 4 4 I 
T= | Voltage Stabilization 40.02% +0.002% +0.1% +0,002% +0.1% 
as : 
aie eeeceness aan 0.20 0.02.0 0.50 0.02.0 0.52 
Output Ripple (rms. max.) 2mV ImV 3mV ImV 3mV 
Outputs oe — 250V 25mA 250V 25mA 250V 25mA 
>, 0—250V ImA | 0—250V ImA | 0—250V ImA 
a 
o 
32 Voltage Stabilization dint wien, 40.05% +.0.002% 40.05% 
2 
> Output Resistance (max.) — oo 1Q 0.01 Q 1Q 
Output Ripple (rms. max.) —- — 2mV ImV 2mV 
Unstabilized + VE 470V 470V 320V 320V 
H.T. Supply 250mA max. 630V 630V 470V 470V 630V 
630V 630V 
Unstabilized A.C. Supply 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 
Price £70 £91 £81 £99 £75 


























STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted 


with fully protective covers. 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 


Polished hard-wood reinforced end frames ses ss a ... £1 15 0 per pair 
Steel instrument case of new design vain ine sae ris .. £4 10 0 each 
PRICES. Prices are quoted net ex works-and are subject to variation without notice. 


ALL-POWER TRANSFORMERS LTD. ° CHERTSEY ROAD, BYFLEET, SURREY 
Tel. ; BYFLEET 3224/5 
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MAGNETIC MATERIALS _ Extensive 
research and manufacturing facilities have established 
_ Mullard as the leading producers of magnetic materials. 
They were the first, for example, to introduce Ferroxcube, the 
world’s most efficient magnetic ferrite; ‘ Ticonal’ anisotropic 
permanent magnets, renowned for their high stability and high 
energy output; and Magnadur, an entirely new type of 
permanent magnet with the insulating properties of a ceramic. 
The wealth of experience gained from these developments is 
available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a 
team of specialised engineers at your disposal. 


Mullard 


Muliard = Ferroxcube ‘TICONAL’ PERMANENT MAGNETS - MAGNADUR (Formerly Ferroxdure) 
Bee eetruded into PERMANENT MAGNETS . FERROXCUBE MAGNETIC CORE MATERIAL 


rods for _H.F. cores. 





MULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 
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CRIMPING 


means A GOOD 


CONNECTION 


~ 
Special feature 


of BL 


Co-axial Socket 


enables crimping —( 


over feeder 


A fault commonly experienced in domes- 
tic television installation is the tendency to 
attach co-axial plugs and sockets in a 
careless manner. Often the feeder is merely 
pushed through the co-axial pin without 
soldering, leaving a loose, dry joint. 

To facilitate a good connection in the 
minimum time we have incorporated a 


RECESS FOR CONNECTION T 
HOLE COLLE 


CENTRE OPTIONAL 


CONTACT SOLDERING 7 





‘CRIMPING auneice 
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|) 


ya 










f) 


D> : 


feature in our Co-axial Free Socket L.734/J 
to enable plug and socket to be crimped over 
the feeder. In addition to the crimping 
surface, a recess for soldering is provided. 
However, crimping is usually preferred and 
in this manner a good connection can be made 
in seconds by a grip of the pliers, thus elim- 
inating a possible source of future trouble. 





BELLING ¢ LEE LTD 


ENFIELD, MIDDX., ENGLAND 


GREAT CAMBRIDGE RD., 
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AN Ediswan Mazda aluminized pic- 
ture tube gives a picture 60% 

brighter and more contrasty than is 

possible with an ordinary tube. 


In addition, Ediswan aluminizing 
protects the screen from ion burn and, 
with the new Ediswan ion trap tetrode 
gun to protect the cathode, tube life 
is increased. 


Ediswan production methods, which 
include the special in-line vacuumiz- 
ing system, ensure a higher, more 
uniform standard of lasting efficiency. 
For complete satisfaction demonstrate 
and recommend Ediswan Mazda 
aluminized picture tubes. 


MAZDA 


Member of the A.E.I. Group of Companies. 





1954 





EDISWAN 


ALUMINIZED CATHODE RAY TUBES 


THE EDISON SWAN ELECTRIC COMPANY LIMITED, 
155 Charing Cross Road, London, W.C.2 and Branches. 
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USEFUL 
LIGHT 





WITHOUT ALUMINIZING 


Without aluminizing, tubes waste half 
their light (see diagram above). To 
counteract this the brilliance must be 
increased and the tube life is shortened. 








LIGHT 


WITH EDISWAN ALUMINIZING 


Ediswan aluminized tubes have a mirror 
backing to the screen. All the light is 
thus thrown forwards giving brighter, 
clearer pictures and extra life. 











RV9 

NATION WIDE SERVICE 
6 fully equipped cathode ray tube service 
depots provide better, quicker tube testing 
should the need arise. Stocks of tubes are 
available in 26 Ediswan Offices. Only 
Ediswan give such complete backing to 
the Trade. 
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“ TELETUNER” 


(TRADE MARK) 


type TV.12 








Instant, single-knob selection ! 


Select a frequency in the 50-220 Mc/s range—select any one of 
twelve in fact—and this new Cyldon Multi-channel “ Teletuner ”’ 
will handle it. This compact two valve unit performs the 
functions of R.F. amplifier and frequency changer in a television 
receiver. Write for Folder TV 1953. 


FOUR NEW TRIMMERS 


by the Makers of ‘“ Cyldon” Trimmers and Variable Capacitors 





No. 26. Mica Compression Trimmer. No. 28. Air Spaced Trimmer No. 29. Glass Trimmer. No. 30. Ceramic Trimmer 


Full details and specifications 


available on application 


eb Awe deme Contractors to Ministry of Supply, Post 
she 7 ae: ONS, LTD Office, and other’ HM. Rocement Depts, 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX. Telephone : Enfield 2071-2. 
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THIS UNIQUE 









[STELLATE | CORE IS THE 





SECRET OF FAULTLESS FLUXING 


... because it gives six points of rapid solder collapse 


and the flux is liberated immediately heat is applied. 





The correct amount of activated flux is always present 





in Superspeed, thus eliminating dry or H.R. joints. 
The stellate core is featured only in the Enthoven 


range of cored solders which ensures perfect soldering. 


Uppers, eed ACTIVATED ROSIN CORED SOLDER 


for all Radio, T.V. electronic and telecommunication soldering. Com- 
plies with M.O.S. Specification DTD. 599 and is approved by the A.I.D., 
G.P.O. and R.C.S.C. Superspeed is available in a wide range of alloys 
and gauges. Samples together with comprehensive literature gladly 
sent on request. Technical advisers are available for consultation. 


scurcencraero-ee car LOY ccs 


Marketed by Enthoven Solders Ltd., Enthoven House, 89, Upper Thames Street, London, E.C.4. Telephone : Mansion House 4533 





nt * 
£3925 
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...on safe and complete protection. 
For over 60 years, Connollys’ Winding Wire 
has gone out all over the world to serve the electrical industry 
for a thousand and one useful and efficient purposes. Now, with 
an even more up-to-date factory to serve our increasing 
number of satisfied clients, our products are acknowledged 
everywhere as the best of their type. Your enquiries will be 
welcomed. Samples gladly supplied on request. 


The largest manufacturers of fine enamelled wire in the world. 


CONNOLLYS Wenclong Wires 


CONNOLLYS (BLACKLEY) LIMITED 
Kirkby Trading Estate, Liverpool 
Telephone : SIMonswood 2664. Telegrams: ‘*SYLLONOC, LIVERPOOL” 


Branch Sales Offices: 


SOUTHERN : MIDLANDS : 
34, Norfolk Street, Strand, London, W.C.2 15/17, Spiceal Street, Birmingham 
TEMple Bar 5506 MIDland 2268 
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AN Essential FOR EVERY TEST ROOM 


The high voltage testing of electrical apparatus has long been recognised 
as an essential part of test room procedure, and to comply with these 
requirements the model A2 Test Set is introduced. This unit incorporates 
acontinuously variable transformer controlling the input to the high volt- 
age transformer, thereby providing a smooth application of high voltage to 
the equipment under test, thus avoiding any tendency for voltage surges. 


BRIEF DETAILS—MODEL A2 


Output: 2.5 kV at 250 V.A. 


Size: Length 17” Width 93” Height 10” 
Overall Weight 314 lbs. 


Case: Portable, louvred ventilated sheet steel 
case of pleasing appearance, finished in glossy 
grey and fitted with one carrying handle on 
the top of the case. 


Pilot Lamps: Yellow to indicate that control 
circuit is energised. Red to indicate high 
tension transformer is energised. 


Protection: Double pole ON/OFF switch with 
single pole fuse. Single pole miniature circuit 
breaker connected in one line of primary 
circuit. 


Voltmeter: Double range flush mounting volt- 
meter connected in primary but scaled to read 
output voltage. 


Price £38 F 10 . 0 


complete with specially designed testing electrodes 
made from high grade insulation with spring loaded 
spikes which are fully shielded when not in use. 


FOSTER TRANSFORMERS LTD., SOUTH WIMBLEDON, LONDON S.W.19 
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NCREMENTAL 
INDUCTANCE. BhiDGE 


INCREMENTAL 
INDUCTANCE 
BRIDGE 
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Designed for the measurement of iron-cored 
inductors (of Q value not less than 2) 


with d.c. flowing 


Range 
Superimposed d.c. 
a.c. Excitation 
Frequency 


Accuracy 









F. C. Robinson & Partners Ltd., 


SALES AND 
SERVICING AGENTS 287 Deansgate, Manchester, 3 
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Full technical information available on request. 


CINSMaA-TELEVIS(ION LrLMr(veD 


A Company within the J. Arthur Rank Organisation 


WORSLEY BRIDGE ROAD : 


Telephone HiTher Green 4600 





0.01 to 1000 H. 
Variable from 0 to 1 amp. 
1, 2, 5, 10 or 20 Volts r.m.s. 
50 or 60 c/s. 


Better than + 5%. 





LONDON «: SE26 


Atkins, Robertson & Whiteford Ltd. 


Hawnt & Co. Ltd., 
100 Torrisdale Street, Glasgow,S.2 


89 Moor St. Birmingham, 4 
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PRICE REDUCTION 
12El BEAM TETRODE 


Now 0 LIST 






























Increased demand for the Ediswan Mazda 12E1 Beam 
Tetrode has enabled us to step up production and thereby 
offer a reduced list price. 

The 12E] has the unusually high maximum cathode 
current rating of 300mA with a screen voltage of 150V. 
Mutual conductance is 14mA/Volt. It is, therefore, very 
suitable as a series or shunt valve in stabilised power 
packs. It also finds application in electronic control and 


other circuits. 





















! 
RATING 
Heater Voltage (volts) Vh 6.3 
Heater Current (amps) Ih 1.6 
Maximum Anode Voltage (volts) Va(max) 800 
Maximum Screen Voltage (volts) Vg2(max) 300 
Maximum Control Grid Voltage Vel (max) 100 
Maximum Voltage between 
gl and g2 (volts) Vgl-g2 - 400 
Mutual Conductance (mA/V) &m * 14 
Inner Bgl, g2 *5 
Maximum Anode Dissipation (watts) Pe - 48 
Maximum Screen Dissipation (watts) Pgo 5.0 
Maximum Cathode Current (mA) Tk (fax ) 300 
Maximum Potential Heater/Cathode : 
(volts DC) Vn-k(max)t7 300 
Reduced prices also ® Taken at Va= Vg2 = \50vlIa = 200 mA. 
for # Provided the cathode is positive | 
19H4 to £5 “ 0 P 0 = maximum ratings are Absolute values not Design Centres. | 








1I9H5 to £8.0.0 


Full technical information 
available on request 


EDISWAN 


MAZDA 


RADIO DIVISION - THE EDISON SWAN ELECTRIC COMPANY LIMITED 
155 Charing Cross Road, London, W.C.2. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
Member of the A.E.1. Group of Companies sv2 
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You calla da tune... 












We can play any number of variations on the Austinlite A 50 Rotary. 
Say what you want a switch to do and Austinlite will supply the switch to do 
it...simply. Simplicity is the keynote of Austinlite Rotary switching ; 
it saves contactors, interlocks, sequence relays, space, wiring, maintenance... 
and money — because every Austinlite switch is built for its job. 
If you would like to know more about how and why, send for a copy of 


‘Simplified Switching’. It is post free on request. 


Rotary switching is ‘Simplified Switching’ 


ask c7tustinlite about it 


AUSTINLITE LIMITED, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM 


A subsidiary of Stone-Chance Limited 
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The new approach 
to Microwave Testing 








Integrated Microwave Test 
Bench Frequency Range 
9,000/10,000 Me/s. 








The Ferranti Integrated Microwave Test Bench 
is designed for use in the 3 cm. band and is 
used for Laboratory and Production Testing. 
It incorporates the ‘MILLED BLOCK’ 
technique of waveguide manufacture which 
confers the following outstanding advantages : 


Improved Electrical Characteristics 
Ease of Operation 

Increased Robustness 

Lower. Cost 















The wide range of standard tests which can be 
carried out with the equipment includes 


Impedance Measurement 
Voltage Standing Wave Ratio Measurement 
Attenuation Measurement 

Insertion Loss Measurement 











FERRANTI LTD - CREWE TOLL - FERRY ROAD -: EDINBURGH 5 
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2 
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COSSOR presents Model 1052 
double beam oscillograph 


















Two similar amplifier channels with an 
approximate gain of 2000 and an upper 
frequency response of 5 megacycles 
(—6DB) are features of this new 
Cossor Double Beam general purpose 
oscillograph. The repetitive or 
triggered time base has a sweep 
duration from 200 milliseconds to. 

5 microseconds. 
The instrument will operate from 
power supplies of any of the various 
frequencies and voltages en- 
countered in the Armed Services. 
or from standard civil supply mains. 





and Model 1433 
voltage calibrator 


Primarily designed to be used with the Model 1052 \ / 
oscillograph the Cosser Voltage Calibrator Model 1433 ; 

provides an accurate means of calibration of input voltages ~® f 

to the plates or amplifiers of any oscillograph. Calibrating es will 
voltages are read directly from a wide scale meter without —— — 

any computation being necessary. Measurements can be made 

to an accuracy of + 5% and the instrument can be used in any 

application where a source of accurately-known voltage is required. 


COSSOR— -— pam 


Write for illustrated leaflets about both of these instruments C 0 8 $0 R 


A. C. COSSOR LTD., INSTRUMENT DIVISION, DEPT. 2, HIGHBURY GROVE, N.5 Tus E $k 


Telephone : CANonbury 1234 (33 lines). Telegrams: Cossor, Norphone, London. Cables: Cossor, London i Vv i A = Ll 
C.1.56 ee 
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T201A 


T B ics 
RECTANGULAR 


Television 


CATHODE 
RAY TUBES 







These G.E.C. television tubes combine all the requirements for perfect 
viewing. ALUMINISED SCREENS for brighter and more contrasty pictures with 
long life and freedom from screen burn. GREY FILTER GLASS faceplates with 
high light transmission efficiency permitting viewing under normal lighting 
conditions without loss of contrast and without need of separate viewing filters. 


RRL LLLP LOLOL RAD OL 
2 
BRIEF DATA 2 Both tubes are provided with an external 
7201A T401A $ graphite coating, and have a scanning angle 
Vh 63V Vh 63v. § ° 
r of 70°. 
Ih O3A Ih O3A g 
Va (als) . eK Va(min) 11kV  =§ > ‘The heaters are suitable for both series or 
Va (max) 14°0kV Va (max) 16kV $ i : 
¢ parailel operation. 








For further information write to the Osram Valve and Electronics Dept., 
THE GENERAL ELECTRIC CO. LTD... MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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IMMEDIATE DELIVERY 





‘ENGLISH ELEctrIC’ switchboard-pattern ammeters and voltmeters with round or 
square cases for flush or projecting mounting, and with open or semi-protected dials, 
are now available ex stock. 


e Bold open scale and bar pointer ensure Simplified mounting. 


clear readings at greater distances. 
b ; Sustained accuracy under adverse 
e Robust compact construction. operating conditions. 


e High shock resistance. ‘ - 
s Comply with British Standard and 
e Low power consumption. international specifications. 


Portable instruments, ammeters, voltmeters and wattmeters, etc., are available 
for industrial and laboratory applications with first-grade and sub-standard 
accuracies. 


2 s 
Good deliveries are also offered for: power Factor iNvIcatoRS 
WATTMETERS + VARMETERS + FREQUENCY MLTERS + REMOTE POSITION INDICATORS 
REMOTE TEMPERATURE INDICATORS + SHUNTS UP TO 20,000 AMPERES 


ENGLISH ELECTRIC 


indicating instruments 











Tue ENGLISH ELECTRIC Company LimiTeD, QueEENS House, KINGsway, LoNnpDoN, W.C.2 


Instrument Department, Stafford 
WORKS: STAFFORD ° PRESTON . RUGBY . BRADFORD ° LIVERPOOL ° ACCRINGTON 
INS. 27AD4 
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Polypole 


CABLE COUPLER 


FE specialised remote control—centimetre radio links— 


ground radar—outside broadcast television 


BICC Couplers and Cables are intended for 
the outdoor inter-connection of equipment, such as 
that mentioned above. Each application calls for 
composite trailing cables containing both R.F. units 
and other polythene insulated conductors. 

BICC Polypole Mark III Couplers are available 
in two versions, designed for use with two standard 
types of BICC outdoor trailing cables. The Mark 
IIIA cable and coupler incorporates three coaxial 
circuits, and the Mark IIIB three screened twin cir- 
cuits. In addition, both cables contain three triplets 
and 21 other conductors. 

The couplers are permanently moulded to the ends 
of the cable in the factory. This technique provides 
a: remarkably robust coupler which is virtually free 
from the hazards of conductor breakages near to, or 
within the coupler. 

If you are interested in the uses of BICC Polypole 
Cable Couplers, we will be pleased to send you 
further information. 


OCTOBER 1954 
Cc 








The couplers are 
assembled with the 
conductors in ten- 
sion to ensure that 
they each contri- 
bute their share of 
the total strength. 


Polythene injection 
moulding permits 
a watertight assem- 
bly. 


3 


4 


Note these important features 


Screwed lock rings 
provide forced en- 
gagement and 
withdrawal. The 
overall metal hous- 
ing canalso beeasi- 
ly replaced should 
it become damaged. 


The cable itself is 
designed with a 
symmetrical cross 
section to provide 
the greatest relia- 
bility under severe 
handling. 
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DER’S CABLES LIMITED 
LONDON, W.C.1I. 
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SUNVIC 
TIME DELAY 
SWITCHES 


B.T.H. Transceiver Unit 
with doors open. 


The use of Sunvic time delays for vital applications in aircraft 
is an example of their undoubted reliability and consistency. 
They provide delays from 3 seconds to 6 minutes unaffected 
by variations in ambient temperature. They are used by all 
the leading manufacturers of radar equipment for circuit pro- 
tection and have a variety of other applications, including 


filament protection in electronic equipment and sequence switching. 


Another example of the important part played BY 

















SUNVIC CONTROLS LTD. (Special Products Divn.), No. | Factory, Eastern Industrial Estate, Harlow, Essex. ‘Phone: Harlow 24231/5 
Manufacturers of Pneumatic and Electrical Instruments for detection, measurement, control and recording of Temperature, Flow, Liquid Level, 
Specific Gravity and Pressure, in Science and Industry. Vacuum Pumping and Measuring Equipment etc. 

Member of the A.E.!. Group of Companies. 


Si AMEE ABST APRS PRS an tanita 


TAS/SC.294 


’ 
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CHOOSE 
ELEKTRON 
FOR TV 


CAMERAS 


. . « Because it is one third lighter than aluminium . . . exceptionally 
strong and ensures easy handling during operation. 


For all main structural parts and minor components of pye TV CAMERAS— 
ELEKTRON PRESSINGS havé more than proved their worth at all stages of 
ELeKrg0N ; production ... from basic design to the finished article. ELEKTRON has 
high dimensional stability . . . constant temper during machining and 
excellent surface finish. These combined properties make Elektron 
Magnesium Alloys ‘outstanding in meeting the stringent demands of 


modern industry. Our Technical Representative will be glad to call on you. 
. This advertisement was prepared with the co-operation of PYE of Cambridge. 


“MAGNESIUM ELEKTRON LIMITED 


CLIFTON JUNCTION * MANCHESTER 


hy 


y 


5 LONDON (OFFICE : 21 St. James's Square, London, S.W.1!. Telephone : ; 1040 


4 bios 
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NEW! PORTABLE 
DIRECT READING 














SPECTRUM om 
ANALYZER 


- 10 TO 22,000 MCS 


¢ ONLY 3 R. F. 
HEADS 


¢ SINGLE DIAL 
TUNING 


Now, a new Polarad spectrum analyzer only 21 inches high that covers the 
entire frequency range 10 to 22,000 mcs with but 3 interchangeable R—F 
tuning heads. The model TSA operates simply—single dial frequency control— 
with utmost frequency stability. It provides highest accuracy, and relia- 
bility for observation and true evaluation of performance over the entire 
R—F spectrum—saving engineering manhours. 
This instrument is designed for maximum utility and versatility in the lab- 
oratory and on the production line providing an easy-to-read 5 inch CRT 
display of the R—F spectrum. 
The model TSA Spectrum Analyzer has these exclusive Polarad design and 
operating features: 
@ Single frequency control with direct reading dial. No klystron modes 
to set. Tuning dial accuracy 1%. 
@ Only three interchangeable R—F tuning units for the entire frequency 
range 10 to 22,000 mcs. 
@ Temperature compensation of Klystron Oscillator. 
@ Swept IF provides 250 kc to 25 mc display independent of R—F 
frequency setting. 
@ Internal R—F attenuator. 
@ Frequency marker for measuring frequency differences from 100 kc 
to 25 mc. 


Your inquiry is also invited on Microwave Signal Generators covering 
the range 950 to 39,700 MC, and Signal Sources from 650 to 50,000 MC. 
Microwave Laboratory Equipment also available. 


ELECTRONICS CORPORATION 


I] 1™ 


9 engiteering } 
& manho 


A 


s! §: 
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| Medel No, Equipment 
| Model TSA... Spectrum Display 


and Power Supply 


' Model STU-1...R-F Tuning Unit 


10-1,000 me, 


Model STU-2...R-F Tuning Unit 
: 910-4,560 mc. 


Model STU-3...R-F Tuning Unit 
4,370-22,000 me. 


SPECIFICATIONS; 


Frequency Range: 
10 me to 22,000 mc 


Frequency Accuracy: 
1% 





Resolution: 
20 ke 


Frequency Dispersion: 
Electronically controlled, 
continuously adjustable 
from 50:ke/in. to 7 me/in. 


Input Impedance: 
50 ohms 


Over-all Gain: 
120 db 


Attenuation: 
RF....Internal: 120 db con- 
tinuously variable : 
IF....60 db continuously 
variable 


Input Power: 
| 400 watts 


SS sar alailie oiaso. 


EXPORT DEPARTMENT, 13 EAST 40TH STREET, NEW YORK 16, N.Y., U.S.A. 


REPRESENTATIVES IN GREAT BRITAIN: Rocke International Ltd., 59 Union Street, London, S. E. 1 





Electronic Assemblies 


by Aad Nottingham 


IY 





MINIATURE 
LAMINATED FRAME 


A.c.&D.c. RELAY typej.o1 
W W W SS YW NR VS VR VW BS 



















Small but rugged. 


Heavy contact pres- 
ca 
sures. Quick acting. » 
Q Rid 
Inherently silent on 
A.C, Oilite bearings. 


Tropical. 





A.C. &D.C. CONTACTOR 


Type C.03 N/C, N/O or C/O 
contacts for heavy current or 
high voltages. Special con- 
tacts for D.C. and very 
inductive loads. Low coil 
consumption. 


CO-AXIAL RELAY 
Type A.04 (M.O.S. Ref. 
10f/16979). One of a wide 
range which now includes a 
change - over - and - earth 
model (no cross-talk). 





Type B.01. A re-design 
of the 3000 type to pro- 
vide features needed in 
electronic applications, 
> e.g.,  contact-sets  in- 
tended for mains and 
H.T. voltages, optional 
G-proof mounting, etc.. 
etc. 





Many other types also made for 
electronic and Services applications. 


BESSON & ROBINSON RELAYS 


are available from 
OLIVER PELL CONTROL LTD. “ocixic 


POST THIS COUPON TO: Oliver Pell Control Ltd., Dept. EE. 
Cambridge Row, Woolwich, S.E.18 


Find out more about these other P.A.R. Products 


Please send details of B & R Relays C) 
Please ask representative to contact me C] 
Name....... 

Company.. 

Address.. 
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Precision 
Cathode Ray 
Tubes 


Close Tolerance 
Single Beam Tubes 
(Types S.6 and S.4) 





These Tubes have been designed 
for applications where accurate 
measurements are required. They 
have high plate sensitivities with 
excellent deflection linearity and 
negligible defocusing over a large 
useful area of screen. Due to the 
accurate alignment, trapezium 
distortion and _ orthogonality 
errors are very small. The flat 
face-plates are ground = and 
polished both internally and ex- 
ternally. Tubes can be supplied 
with any phosphor. 





























———— 
20th Century Tubes MANUFACTURERS 
OF PRECISION 
Type %; a | 6 | CATHODE RAY TUBES 
—— _|— AND 
Diameter | Gime ie GEIGER COUNTER 
Overall length (mm.) - | 475 | 375 TUBES 
‘$ pa eie 00 
mma | ate | 780 —— 
Y Capacity dh oe 5 eat ‘ Spf 
Heater Volts as nt ao | 62 | = 
“VA, Max. KV. Pe an | 5 — 
VA, Max.KV. “i "2% = 
VA, (VA,=2KY) volts... | 300 | 300 - 
“Bue... .. | SB | SB 
Phosphors < Green ... | S6G | $4G 
Long Persistence S6D | S4D 




















20" Century 
Electronics Limited 











20th CENTURY ELECTRONICS LTD. DUNBAR WORKS, DUNBAR ST., LONDON, S.E.27 


Telephone: GIPsy Hill 2277 
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connections simplified 






























Breakaway connector for instrument 
testing and control circuitry 
of guided missiles prior to launching. 


; For aircraft engine starting, 


commercial storage batteries, and 
Stationary engine applications. 






Ww 















Sub-miniatures. Same number of 
contacts as in a standard connector, 
but in 4 to 44 the space. 


For radio, control, instrument uses, etc. 





General service 


and unit plug in types 


Ry Hermetically sealed AN and K type 
a\ connectors. Miniatures and sub-miniatures. 


Special K connectors 
for TV cameras. 





Water-tight and weather-proof 
connectors for rugged service. 


Heavy-duty AO type, 

originally designed for U.S. Army Ordnance. 
Adaptable to commercial use. Resilient 
insulation. Special assemblies. 





Greatest variety of firewall 
and high-temperature connectors. 





Also—power plugs and receptacles for a 
wide range of applications. 


encle,, 


first in connectors 


GAN PAU 


CANNON ELECTRIC CO. (Gt. Britain) LTD. 
138 Wardour Street, London, W.|I. 


Factories in 
Los Angeles, East Haven, Toronto, Canada 














en privileged to serve 


Rye ZINc 
4 
. Srationery 


> 
Be Be <a, 
SA 
\ 
\ Electrical Motors * Rai s . io 
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1 KVA 
190-260 


3% nom. 
Unity to 0.7 


50 c/s+10% 


OUTPUT VOLTAGE 
+0.1% nom. 


COVERY TIME 0.1 secs. 


HARMONIC DISTORTION 
OCTOBER 


220-240 (adjustable) 
REGULATION ACCURACY 
No load to full load 


JLT, 


Specification 





RATING 

INPUT VOLTAGE 
INPUT FREQUENCY 
P.F. RANGE 

LOAD RANGE 


RE 


om ene 
‘i wt.28 |} 
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“Tommy Watford” 


Naina 
a Aw 
= 


: . 


BUSHEY HEATH - HERTS. 


fine workmanship throughout 
+ Grams and Cables : 


* Fast response time 
* No load to full load performance 
* Excellent finish and 


* Not affected by frequency 
* Low distortion 


* Exceptional accuracy 


° Reliability 


gs 


J. LANGHAM THOMPSON LTD 


Telephone : BUShey Heath 2411 
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Manufactured under licence by :— 
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TRANSDUCERS 
for the measurement of 
STEADY, FLUCTUATING OR 
SURGE PRESSURES 


(Gauge or Differential) 





FOR STEADY OR SLOWLY 
FLUCTUATING PRESSURES 


TYPE No. 548 
O—5 p.s.i. to 0— 4,000 p.s.i. 
(as illustrated) 
Comprising a Bourdon tube or bellows 
operating a precision potentiometer. These 
transducers produce a voltage output directly 
proportional to pressure. 


FOR STEADY, FLUCTUATING 
OR SURGE PRESSURES 


TYPE No. 522 
O—25 p.s.i. to 0 — 2,500 p.s.i. 


Pressure is applied to a diaphragm which 
is caused to change the inductance of an iron 
cored circuit. This change of inductance can 
then be used either to create out-of-balance in a 
bridge or to frequency modulate an oscillator. 


TYPE No. 449 0— 10 p.s.i. to 0— 1,000 p.s.i. 
TYPE No. 448 0— 250 p.s.i. to 50,000 p.s.i. 
Comprising a 4-arm strain gauge compensated bridge. 
These transducers produce a voltage output (m.V.) 
directly proportional to the applied pressure. 














GROUP 


J. LANGHAM THOMPSON LTD. 
BUSHEY HEATH - HERTS 


Telephone: Bushey Heath 2411 *Grams & Cables: ‘*Tommy Watford’’ 
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—for Smaller Production 
Quantities 


SHEET AREA UP TO 28° x 40 


Type RA-4IP 
TURRET PUNCH PRESSES 


give lower production costs 
—than by any other method 


The RA-41P combines the versatility, accuracy and 
high speed of the pantograph for rapid hole location, with 
the time saving features of the WIEDEMANN Turret 
Punch Press for quick punch and die selection. Up to 
20 low cost: punches can be set up in the turret ready for 
instant use. 


OUTPUT—I0 PER HOUR 


Maximum sheet size ... ne ods ios 28 in. x 40 in. ALL OPENINGS PIERCED 
Throat depth ... oe ass ‘ss — és ... 28 in. IN TIMES SHOWN 
Capacity ies ey pe is ys abe 15 tons : 
Punching Capacity ... 3” diameter in .074” thick Mild Steel The WIEDEMANN range includes small 
pee " Me ot Pesy a se hand-operated models up to large power- 
a. oy operated machines of 80 tons capacity, capable 
Strokes per minute ... ... —... ce biers skate of piercing 6” holes in 3” plate. 


Write to Sales Department for detailed Catalogue 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams : ACCURATOOL HAMMER LONDON 
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SiZé 
Length 32mm 
Diameter 7°2 mm 


SenTerCel Types M1 and M3 rectifiers are low in cost and offer many 
advantages. They replace equivalent thermionic valves and can be 
wired directly into circuit ; wiring is reduced and valve-holders are 
eliminated. 

Both types operate at minimum input levels of 0.5 volts, type M1! 
at frequencies up to 5 Mc/s and type M3 up to 100 kc/s. 


é 
¢ 
k 
i 
¢ 
j 


APPLICATIONS 


AGC rectifiers : muting circuits : contrast expansion and com- 
pression : level indicators : modulation depth indicators: ,— 
limiters : automatic frequency control. 


Self Capacitance 
Forward Resistance at 5 V D.C. 
Reverse resistance at 5 V D.C. 1 000 


Average Maximum Peak Inverse Voltage. 
Characteristics Minimum A.C. Input ................... 
Maximum Frequency 


OLA PERLITE, EES 


TINNED COPPER 
-_ 
* 


Self Capacitance p 

Forward Resistance at 5 V D.C. 1.2 ka 

Reverse Resistance at 5 V D.C. 45 MQ 
Average Maximum Peak Inverse Voltage... 68 V 
Characteristics Minimum A.C. Input 

Maximum Frequency 





SELENIUM Srandard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, W.C.2 
RECTIFIER DIVISION : Warwick Road, Boreham Wood, Hertfordshire 
Telephone: Elstree 240! 


RECTIFIERS 
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Text books 


won't solve this 


problem... 


A delightful design for a portable— 
but the battery wouldn’t go in. The 


solution? Order specially designed 







batteries or start all over again. 


Designers of battery radio sets should 






note this dilemma. Time, effort (and 
money) are wasted if you prepare a design 
and then find you haven’t left room for 
the battery. Of course Ever Ready 

can supply special units but it’s so much 


simpler to call us in early so that your 






set is designed, if possible, to take 


one of our many standard batteries. 





REGO. TRADE MARK 


DRY BATTERIES 
FOR RADIOS 





a If you have a design problem involving dry 
batteries, get in touch with us at Hercules Place, Holloway, 
London, N.7_ Telephone: ARChway 3030. 
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DEKATRONS 


I> 20 k.c. single pulse, counter tube with the 
universally acknowledged ‘* Dekatron”’ reliability. 













ep A plug-in 4 k.c. selector-tube with access 
to all cathodes. 


For full particulars of these new tubes, together with details of 
other dekatrons, reference tubes, stabilizers, and trigger-triodes 
apply for your copy of ‘‘ Cold-Cathode Tubes” to:- 


ERICSSON TELEPHONES LIMITED 


HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2 
WORKS: BEESTON (NOTTS) 
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TO SEPARATOR 
TANK 





iI) - 
' COOLING 


} WATER 
INLET 


COOLING | 
WATER 
OUTLET 


OPERATING CYCLE OF KINNEY VACUUM PUMP 
The plunger, moving in the direction of the arrow, rapidly 
creates space into which gas is admitted through the inlet 
valve. Simultaneously, gas previously trapped is being 
compressed. When the plunger reaches its highest 
position, air or gas and surplus sealing oil is expelled 
through the outlet valve and nozzle into the oil separator 
tank. There, the oil is retained and the air or gas dis- 
charged to the atmosphere. Further movement of the 
plunger closes the inlet valve and completes the cycle of 
operation. 





NEW (DEAS SOLVE OLD PROBLEMS 











KINNEY VACUUM PUMPS 
SHOW THE WAY 


Has it ever occurred to you that Kinney Vacuum 
Pumps might well solve your problems ? Cathode 
ray tubes, electric lamps, coated lenses and mirrors, 
drugs, foodstuffs, coated foils, condenser papers, 
electrical components—these are a few of the 
products now being made quicker, better agd more 
profitably, thanks to Kinney Vacuum Pumps. 
Models VSD and DVD single stage (10 microns 
absolute pressure or better); model CVM*double 
stage (0.§ micron or better), displacements 15 to 


700 c.f.m. Bulletins 
Ior and 104 tell 
you all about them. 
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Rance LIFFE 





GENERAL ENGINEERING CO. (rapcurre) LTD. 


Station Works, Bury Road, Radcliffe, Lancs. 
Telephone: Radcliffe 2291 (3 lines) Telegrams : “ General ” Radcliffe 


London Office: 3rd Floor, 9 Victoria Street, London, S.W.1. 
Telephone: Abbey 5278 
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TRANSISTORS 


Pioneers in semi-conductor development 
and manufacture Standard Telephones 
and Cables Limited were also first to 
produce transistors in Europe. 

Two types of germanium point contact 
transistors are now available for 
immediate delivery. 


Code 3X/100N—for con- © Code3X/101N—for use as 
trol and switching circuits. . an amplifier or oscillator. 


Enquiries are also invited for 
Standard Junction type transistors. 


Standard Telephones and Cables Limited 


(Registered Office : Connaught House, Aldwych, London, W.C.2.) 
RADIO DIVISION, OAKLEIGH ROAD, NEW SOUTHGATE, N.II 
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GOODMANS 
POWER 






















—+provides a stabilised 10—10,000 c/s supply 


FOR USE WITH A vibration generator depends for its accuracy largely upon the 
THE GOODMANS suitability of its driving equipment. Goodmans—who pioneered 
VIBRATION vibration generators in this country—have now produced a 
GENERATOR self-contained drive unit consisting of oscillator, amplifier and 

MODEL V.47 power pack. Although primarily intended for use with 


Goodmans Model V.47 Generator, it will also find wide application 
in the laboratory and in industrial processes where a high 
quality source of audio frequency is required. A brief specification 
of this latest Goodmans product is given below, and full 
circuitry details are available on request to “* Vibration Dept.” 


or where small 
scale§vibration 
testing is 
involved 


BRIEF SPECIFICATION 


Frequency range  10-10,000 c/s in 3 ranges. 

Power output 5 watts into 3 ohms. 

Output level stability +0.05 db 10-10,000 c/s. 

Distortion _ less than 0.2 per cent. 

Hum level 72 db down on 5 watts. 

Power supply 100/115 v, 200/225 v, 225/250 v. 
50-60 c/s 75 watts. 

Weight 45 lb. 

Dimensions 164”x13”"x11’. 


GOODMANS INDUSTRIES LIMITED, AXIOM WORKS, WEMBLEY, MIDDX. Telephone : WEMbley 1200 (8 lines). 
GD 
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Casting in Aluminium Alloy 
(approx. weight 208 Ibs.) 






















C&L. HILL LTD 


Manufacturers of 


Non-Ferrous Sand Castings, Brass, Naval Brass, Brazing Metal, Gunmetal, Phosphor Bronze, 
Aluminium Bronze, High Tensile Manganese Bronze, High Conductivity Copper, “ Hilchil ” 
Chill Cast Phosphor Bronze Bars, Cored and Solid. Sand Castings in all Aluminium Alloys, 
including Heat-treated Alloys, Aluminium Alloy Gravity Die Castings. 


Wood and Metal Pattern Shop. Fully Approved 

Laboratory and Test House with Inspection 

Organisation. Facilities for Radiology. 

Specialists in Development and Quantity Production of Castings for Radar. 





We solicit your enquiries for SHELL MOULDED CASTINGS 


in all non-ferrous Alloys, including Aluminium 


Tel: Willenhall 227 (: & L Hi IL L LT D Branch Works: 
(4 lines) e Wednesfield Road, 


Grams: Hill 22 


Wilienhalt  Stringes Lane, Willenhall, S. Stafis. Willenhall 














You can support the B.R.M. 


through the 


OMA 


(OWEN RACING MOTOR ASSOCIATION) 


° Members 
Both our Foundries are Member ber "i ‘Gat Bedge (full members cal) only) 
extra 


available for Prototype Work | Futdeuiistcom: THE SECRETARY, ORMA, KENT HOUSE, MARKET 
PLACE, OXFORD CIRCUS, LONDON, W.1. Tele: Museum 8901-6 


WhiteAd 2987 














OCTOBER 1954 51 ELECTRONIC ENGINEERING 













TYPE H.H. 160 


Copyright Hassett & Harper Ltd., 1954. 
British Patents. Pending. 


Electronic Instrument 
Racks in combinable 
single units 


The H.H.160 Steel Rack Unit can be 
supplied either as a welded or riveted 
assembly, or completely knocked down— 
for carriage or shipment—with screws and 
nuts for easy erection. Fixing holes for 
side, top and back panels are so placed that, 


H.H. 160 Units as- = with panels omitted, any number of 


sembled together in 
units may be bolted together, either 


vertical formation. 
vertically or horizontally—as_ illustrated. 
Send for the H. & H. Catalogue of 


Electronic Cabinets, Racks and Cases. 


Hassctte = lid 


REGENT PLACE, BIRMINGHAM, | 
Telephone: CENtral 6418 (4 lines) 
LONDON: 140 PARK LANE, W.! 
Telephone: MAY fair 9651 (3 lines) 
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Insulating problems taped! 
—with‘E"z.0 ON” 





Film and tape manufactured from 
‘FLUON’ polytetrafluoroethylene by Crane Packing Ltd. 


‘FLUON’ tape has outstanding dielectric and insulating properties over a very wide 


range of frequencies and temperatures —60 to 109 C.P.S. and —80°C to 250°C. 


*& ‘FLUON’ is the registered trade mark for the polytetrafluoroethylene manufactured by I.C.1. 
Please ask for full technical data. 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON. S.W.1 


P.573 
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MARCONI HR 2l 
Independent Sideband 
HF Receiver for 

point-to-point services 








This receiver is designed for independent sideband 
reception of telephony and covers the frequency range 
3-27.5 Mc/s. It provides: selection of one of 6 crystal 
controlled spot frequencies or continuous tuning over 
the whole range, motor driven automatic frequency 
correction, reducing errors of up to 3 Kc/s to sub- 
stantially zero mistune. Reconditioned or local carrier 
may be used for demodulation, full metering and 
monitoring facilities. 


















Particular . 
attention has 





been given to ease 
of servicing and all 
units are easily withdrawn. 













MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
Surveyed, planned, installed, maintained 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD - ESSEX 
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A NEW-PRINGIPLE 
A-G AUTOMATIC 
VOLTAGE STABILISER 


We have now had released to us by a Government Department the 
design of our “A.C. Mains Regulator, Automatic, Step, Mark II’, and 
are therefore manufacturing this unit for general sale. It ideally fills the 
need for a cheap, small and light Stabiliser. Although it measures only 
83in. x 44in. x S5in., weighs as little as 11 Ibs., and costs only £24 net, 
it has a performance fully equal to any similarly rated Automatic 
Stabiliser of the resonated, saturated core type, without any of the 
disadvantages. 

ASR-1150 has a pure output waveform, is unaffected by changes in 
mains frequency, and works equally well from no-load to full load, 
which is 1150 VA. It has a stabilised output at 230V unless otherwise 





We can supply from stock 


all types of American tubes, 


condensers, valves, poten- 


tiometers, etc. 








ordered. 

Many other Automatic Voltage Stabilisers are now manufactured by 
us, and all are available for immediate delivery. In some cases the 
constancy of output is as high as 0.15%. Models are available from 
200 VA to 30 kVA, single phase. 3-Phase Stabilisers are also available. 
Prices are extremely competitive. 





%& MEMO: If you are interested in in- 
finitely-variable Transformers, do not for- 
get the almost indispensable ‘‘VARIAC” 
Reg’d. Trademark). Models are available 
from 170VA to 21kVA. Our Catalogue 
V-549 (3rd Edition) tells the whole story, 
and will gladly be mailed free and post 
free, on request. 
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The NEW “ASR-! 150” 
costs only £24 net 


Complete information is obtainable from: 


CLAUDE LYONS LTD., srasitiser pbivision, 
QUEEN’S HOUSE, 180-182 TOTTENHAM COURT ROAD, LONDON, W.1 
‘elephone MUSeum 3025-6 Ext. 13) 

NEW SOUTHERN FACTORY, 4-10 WARE ROAD, HODDESDON, HERTS. 
(A.10 main London/Cambridge Road at Junction of A.602) 
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the answer £0 
many problems 


will be found within the pages of the 
Pullin Electrical Measuring Instrument 
Catalogue. A copy by your side will enable 
: you to plan the instrumentation of your 
electrical installations at the drawing board stage, 
.and save much time and money later on. 
Write for a copy stating the particular range 
of instruments in which you are interested. 


ae 


MINIATURE RANGE. 

Round projecting type 
also available in round 
or square flush pattern, 


| a ; SERIES 20, 2” DIAL 
le / S 


SERIES 35, 34” DIAL V.U. METER 
for power level indication 





SERIES 25, 24” DIAL MINIATURE RANGE. 
Square flush type also available 

in round projecting or 

round flush pattern, 


ees ited 


J 
AMPERrs 





RECTANGULAR FLUSH 

PATTERN INSTRUMENT. 

Wich circula d | 

eas Waitech edie ceed ROUND PROJECTING TYPE SWITCHBOARD, 

Mantares« : INSTRUMENT (4”. AND 6” DIAL SIZES). 
avy duty cast iron front d f c ib} flush 

bite olag availanie. f pressed steel case. onvertibie to flus 

mounting by separate attachment. 


e 5 


instrumentation by i | : 


Industrial Measuring Portable 
Switchboard Instruments Testing Instruments 
¥oltmeters Dynamometer Multi-Range 
Wattmeters Testing Sets Test Sets 

Frequency Meters 


MEASURING INSTRUMENTS (PULLIN) LTD., ELECTRIN WORKS, WINCHESTER STREET, ACTON, LONDON, W.3. 
PHONE: ACORN 4651-3 AND 4995. 
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* The Thinker’ 
by Rodin 


DYNAMIC 
REPOSE 


This fine work by Rodin is surely the 
personification of latent power. In 
industry and commerce Tan-Sad 
chairs are, through correct posture, 
conserving this energy and producing 
mental alertness and efficiency. With 
Tan-Sad seating, man is indeed 


a giant refreshed. 


May we send you details of 


Tan-Sad 


POSTURAL SEATING 
FOR 


THE TAN-SAD CHAIR CO. 


AVERY HOUSE CLERKENWELL GREEN LONDON - E.C.I 








(1931) LTD. 
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Thyratrons 
for Industrial 
Electronics 


MOTOR CONTROL : D.C. INVERSION : RELAY OPERATION 
RESISTANCE WELDING - REGULATED D.C. SUPPLIES 





More and more applications in industrial electronics are 
being based upon the thyratron. This type of valve—long 
established as superior to a vast number of mechanical devices 
—is being applied to new industrial tasks almost daily. 

Mullard, manufacturers of the United Kingdom’s most com- 
prehensive range of thyratrons, are making a major contribution 
to progress with low cost valves of tested sturdiness and long 
life characteristics. 

These thyratrons range from subminiature types less than 
one-and-a-half inches in length to large valves with mean anode 
currents of over six amperes—in fact, the range includes 
thyratrons for almost every known application in industrial 
electronics. Designers of new devices and users of existing 
equipment are invited to write to the address below for further 
information and assistance. 





INERT-GAS-FILLED 

—may be operated over a wide range of ambient 
temperature 

—short heating-up time 

—any mounting position 

—suitable for both fixed and mobile equipments 


MERCURY-VAPOUR 


—low initial cost 
—extremely long life 





Mullard American cv 
Type No. Type No. Type No. 





ANI ~ = cVvii28 
EN32 ze CV2253 
EN70 5643 CV474 
ENS! 2D21 cVv797 
XRI-3200 5544 CVv2210 
XR1I-$400 5545 CVv2215 
XG1I-2500 *57/5559 or 
XG5-500 *17/5557 ae 
XGQ2-6400 *105 aoe 


*Type No. usually prefaced 
by manufacturer’s initals 

















MULLARD LIMITED, COMMUNICATIONS & INDUSTRIAL VALVE DEPARTMENT, 
CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, ee, Same | 


MVT164 
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Commentary 


4 pee crystal detector of the early days of radio was 
probably the first practical example of what is 
now known as a semi-conductor, but the theory of its 
operation was not understood at the time and it never 
developed much beyond the primitive stage of the 
“cat’s whisker ” in contact with a galena crystal. With 
so many new and fascinating things then being discovered 
in the world of radio, little attention could be given to the 
crystal detector and the advent of the thermionic valve 
soon rendered it as obsolete as the coherer. 

Interest in the crystal detector was revived to some 
extent during the war and resulted in the silicon crystal 
diode for use as a mixer or frequency changer in radar 
equipment, but this was not much more than an 
“engineered” version of the temperamental crystal 
detector of the earlier days and the stress of war allowed 
no opportunity for further development and investiga- 
tion. To all intents and purposes, the study was 
permanently shelved. 

The interest of the scientific world was therefore 
considerably aroused when in 1948 the discovery was 
announced by the Bell Telephone Laboratories of a new 
semi-conducting device that was capable of the amplifica- 
tion of electric currents. The importance of this device, 
which became known as the transistor, was immediately 
appreciated and a good deal of publicity—much of it 
over-optimistic—heralded its birth. Here at last was the 
device that would, in a very short space of time, oust the 
thermionic valve from most, if not all, of its applications. 
Unlike the thermionic valve, it required no cathode 
heating power, it was rugged and compact, and it 
promised an indefinite life. 

Not all these claims could be substantiated initially, 
and the early enthusiasm for the transistor was chilled 
by many setbacks. The transistor, a remarkably simple 
device in itself, consisting of two wires in close proximity 
and in point contact with a slab of germanium of about 
One millimetre cube, proved an extraordinarily difficult 
thing to manufacture on a production basis and, even 
today, is being made on a scale which is no more than an 
extended laboratory production. Moreover, its range of 
frequency over which it would operate was limited and 
Its power-handling capacity was very small. 

Some two years after the discovery of point contact 
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transistors came the junction-type diode and this was 
followed by what promised to be the greatest step 
forward of all, namely, the junction-type triode. This 
consisted again of germanium containing three sections 
or zones in which impurities were deliberately introduced, 
with accurate control both of the amount and kind 
in each section. The whole assembly is thus very small 
and although it is essential to seal it against moisture 
penetration, an evacuated envelope is not necessary. 
Tremendous impetus was given to the investigations 
being pursued on both sides of the Atlantic, and as 
further thought and effort was being brought to bear on 
the subject of semi-conductors, it became apparent that 
the development of the transistor was the most significant 
since the thermionic valve itself. A most promising 
future is being unfolded and the transistor is now being 
regarded as something more than a mere replacement of 
the valve. As its fundamental properties are being more 
fully investigated it is clear that the transistor of the 
future will fulfil many purposes other than the rectifica- 
tion and amplification of electric currents. It is interesting 
to learn, for example, that both the point contact and 
the junction diodes can now be constructed so as to be 
light sensitive and at the same time having efficiencies 
considerably greater than existing photoelectric devices. 
Possibilities of equal importance will undoubtedly 
follow as the electromagnetic, photoelectric and 
thermoelectric properties are explored. 

The original material which formed the basis of the 
original transistor work was germanium and one of the 
early preoccupations in this country was the hunt for an 
indigenous source of this material. 

An extensive survey was carried out by the General 
Electric Company and, as a result, the material now used 
by British manufacturers is obtained from the dust and 
soot collecting in the flues of gas works, particularly 
where coals from Northumberland and Durham are 
used. A substantial tonnage of such flue dust is now 
available containing as much as one per cent by weight 
of germanium in the better qualities. But the search 
for still better materials continues and the new 
semi-conductors such as tellurium bismuth and indiom 
antimony show great promise in extending the range 
of operation of both frequency and power. 
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The Dampometer 


An Electronic Apparatus for Automatic Recording of the Logarithmic 
Decrement and Frequency of Oscillations in the Audio and 
Sub-audio Frequency Range 


By Carl Olof Olsson* and Kazimierz Orlik-Riickemann* 


An electronic apparatus for automatic 


evaluation of the damping of a harmonic oscillation has 


been designed and constructed. The apparatus is based on the idea of representing the harmonic 
damped oscillation by a rotating vector on the screen of a cathode-ray tube in such a way that the 
rate of decrease of the length of the vector is a measure of the damping. The results are obtained 
simultaneously with the oscillation test as two numbers in decimal digits, which are inversely pro- 


portional to the logarithmic decrement and the frequency, respectively. 
has been used for some time for free oscillation measurements of the 


named the “ Dampometer” 


The apparatus, which is 


dynamic stability derivatives of aeroplane models in wind-tunnels, and has proved to be very 
satisfactory. It gives results of usually higher accuracy than evaluation methods in common use, 
and permits a most considerable saving of time. 


HE usual method to measure the damping of a 

mechanical or an electrical linear system is to let the 
system perform decaying oscillations and to register the 
amplitude of the oscillations as a function of time. The 
logarithmic decrement and the frequency can then be 
obtained, permitting the damping factor of the system to 
be determined. This procedure is straightforward, but 
rather tedious. Furthermore, due to the many steps 
involved, the accuracy of the procedure is not always 
very good. There has, therefore, for a long time been a 
need for an apparatus designed to evaluate automatically 
the logarithmic decrement and the frequency of decaying 
oscillations. Such an apparatus which gives the values of 
the above mentioned quantities in decimal digits simul- 
taneously with the oscillation test; has now _ been 
constructed. 


General Layout 
Basic FEATURES 


The apparatust, which has been named the “ Dampo- 
meter”, is based on the idea of representing the harmonic 
damped oscillation by a rotating vector in such a way, 
that the rate of decrease of the length of the vector is a 
measure of the damping of the oscillating system. The 
curve thus described by the end of the vector is a logarith- 
mic spiral. 

The oscillation to be investigated is introduced as a 
voltage to the four deflecting plates of the cathode-ray tube 
with a 90° phase’ shift between successive platest. The 
resulting deflexion of the cathode-ray, i.e. the length of 
the radius vector to the spot on the screen, is proportional 
to the ordinate of the envelope of the oscillation. When 
the oscillation is damped, the spot moves on. a logarithmic 
spiral towards the centre of the screen (one revolution 
corresponding to one cycle of oscillation), as is shown in 
Fig. 1. 

The screen is covered by a circular disk with a number 
of equally spaced radial slots, all of which are of the same 
length and are situated at the same distance from the 
centre, see Fig. 2. While the spot moves on the spiral, it 
passes the slots in the screen and thus gives light pulses to 
a photocell. The number of pulses produced by the cathode- 
ray tube, while the radius vector of the spiral decreases 
from the outer to the inner radius of the slots, is registered 
on an electronic counter, which gives the number Girectly 


- The Aeronautical Research Institute of Sweden (FFA). 
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in decimal digits. The logarithmic decrement of the oscil- 
lation is inversely proportional to this number. 

A second electronic counter is used to measure the time 
over a number of pulses thus determining the frequency 
of the oscillation. 

The frequency range of the present apparatus is 0-5 to 
500c/s, but the principle can be adapted to frequencies 
up to the order of 1Mc/s. 


LAD AE 











a=0:025 
V, 
2a wt 
a=-Ol 
Fig. 1. Damped oscillation and corresponding logarithmic spiral 
THEORY 


The network used to produce the suitable phase shift 
between the deflecting plates (D, to D,) of the cathode-ray 
tube is shown in Fig. 3. The plates D, and D, are directly 
connected to the push-pull output of an amplifier. Thus, 
if the plate D, has a voltage of +V,, the plate D, has 
a voltage of aa Similarly, the plates D, and D, have 
voltages of V, and —V, respectively. If the current / 
between D, and D, is considered, the following relations 





+ Patent applied f for. 

t The voltage between one of the two pairs of opposite plates can be said to 
represent the potential energy of the oscillation while the voltage between the other 
pair of plates represents the kinetic energy of the oscillation. The resulting deflexion 
is approximately (if the damping is not too high) proportional to the square-root of 
the total energy of the oscillation. Thus, if the damping is not too high, the screen 
of the cathode-ray tube can be said to represent the phase plane of the oscillation, 
i.e., a plane with instantaneous values of the amplitude of the oscillation and its 
time-derivative plotted in a Cartesian co-ordinate system. An apparatus using an 
exact phase plane representation can be easily constructed, but has been found to be 
less suitable for evaluating damping than the present one. Reference should also be 
made to the Appendix. 
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can easily be obtained: 


dIl/dt +1/RC =2/R.dV,/dt .......... (1) 
ye hg Oe 65 ois sdk reek (2 

The general solution of equation (1) is: 
[= el (4 + fet/™ 2/R dV,/dt dt)........ (3) 


where A is a constant. In the case of decaying harmonic 
oscillation the incoming voltage may be written: 


Vy Vo CHO COR GE ees ees (4) 


where 27a is the logarithmic decrement of the oscillation. 
Inserting into equation (3) and integrating by parts, one 
obtains: 


I = ke-/®4 2V,/R. c= 


(1/RC — aw)? + w? 
. [(a?w? — aw/ RC +w*)cos wt — w/RC sin wt 6366) 
Taking the initial condition to be: 
of US eer errs (6) 














Fig. 2. Control panel of the Dampometer 


the constant becomes: 


ae eels 





Inserting equations (4) and (5) into equation (2), the voltage 
V, can be expressed as follows: 
Saf Agee aw / RC +w? Vo e- aut 
(1/RC — aw)? + w’ (1/RC — aw)* + w’ 
[[a?w* + w?—(1/RC)*] cos wt — 20/RC sinwt]...... (8) 
The distance of the cathode-ray spot from the centre of the 
screen, i.e. the length r of the radius vector, is then: 
es | age: ee ee ee (9) 
where k,/2 is the deflexion factor of the tube. 
The angle @ of the radius vector measured from the 
direction D, > D,, is: 
Stans Va Vestas ee Ie (10) 


If the input V, is undamped (a = 0), the curve described 
by the spot approaches the following form (since 
en t/BC -5 0): 


¥,;=2V, e-*/* 








k,?V." 


2 





[w?+(1/RC)} * 





((1/RC) — w*Jcos wt+2w/RC sin =| 


ates) [(1/ RC)’ + w7]cos dh 
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f 2[w* + (1 | RC)*‘}cos?wt + 4w?/(RC/’sin* wt — 2w/ RC[w? —(1/RC)*]sin 2ut } | 





This curve becomes the circle: 


pa kV? 
SOS (12) 
g=ul 
if R and C are adjusted so that: 
US CRESS Y ANG eta Sane Pa Or Pg ne (13) 


The apparatus allows a continuous adjustment of the 
product RC. 

If the input V, is damped (a #0), the curve described 
by the cathode-ray spot will be a spiral, which will in a 
sense have rotational symmetry when the product RC is 
adjusted according to equation (13), as will be assumed 
henceforth. Since the coefficients of e~*/®° and of e-awt 
in equation (8) are of the same order of magnitude, it can 
be seen, that after a short time the last term of equation 
(8) will dominate if a <1, e.g.: 


if a= 0-1; t= 27/w; e7t/RC — 1/284 e- awt 
a=02; t= 27/w e7t/RO — 1/153 e- awt 
a =03; t= 27/w e7t/RC — 1/82 e- awt 


This means that after one or two revolutions of the spot 
the term proportional to e~'/®° can be neglected. The 
amplification has to be chosen in such a way, that the spot 


Cc R 
02\% 
D. 7) 
tH I V, P Fig. 3. Phase shift 
' ' network for the 
deflecting plates 
Drv, 








makes one or two revolutions before entering the slots. 
Another way of eliminating the term e~‘/®° is to start the 
oscillation by feeding energy into the system with the 
frequency w, thereby gradually approaching the starting 
amplitude at which the energy source abruptly is dis- 
connected. 

After setting RC = 1/w and neglecting the term propor- 
tional to e-t, the equation for the curve described by the 
spot becomes: 

° sin’wt — 4a” sin 2wt + fa‘ COS*wt 
r’=k,’V," e-2aot cosa Sa a = 


(a —a+ 4a?) 
os tenes tan wf — ta* 
? = l-—a > 44° 





TER CT tan eee (14) 
For a < 1|-this curve reduces to a logarithmic spiral 
toe tea rss (15) 
d = wt 


For higher values of a the spiral will be somewhat elon- 
gated in the direction of one pair of the plates. This can 
be eliminated by multiplying the voltage on plates D, and 
D, by the factor: 
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and for this purpose a special correction device can be used, 
calibrated directly in a. Neglecting terms of order a‘, the 
spiral then becomes: 


r? = k,°V,? e-2awt (1 — 4a? sin 2wf) 
@ = tan~ (tan wt — 4a’) 


If a* can be neglected, the curve will be the logarithmic 
spiral given by equation (15). Higher values of a’ intro- 
duce an elongation of the spiral along an oblique axis pass- 
ing through the centre of the screen and being 
symmetrically situated with respect to the plates D, and 
D,;. The angle A(wt), needed for the radius vector to 
decrease from a given value r,, to another given value r., 
is a function of the angular position at which the radius 
vector is r, and r, respectively. The angle A(wf) is largest, 
when r=r, at wt=7/44n.7 and r=r, at wt=37/4+n.7, 
and lowest when it is the other way round. From an energy 
consideration (see the Appendix) it follows that, if only 
a > 0 the radius vector cannot increase, i.e., a given value 
of r can be passed only once. The angular position at 
which the length of the radius vector has a given value is 
difficult to control. The difference between the highest 
and the lowest value of A(wt), obtained for a given a, is 
thus a measure of the maximum error due to elongation, 
that is: 


e(wt)=+4+ { [A (wf) ]max > [A(wt)]}min } = I/a In(1 + $a”) = ta 
Phish tewiew oa (18) 


As an example, a = 0-3 gives an error of 8°6°. 

The second expression of equation (17) indicates a slight 
variable phase shift between @ and wf. This phase shift 
is zero at wt =7/2+n.7, and maximum at tan wt = 
4a’, where it is: 

8a? 
ioe 
For a = 0-3 the maximum phase shift is 2-6°. 

Since wt is thus practically equal to @, the error accord- 


ing to equation (18) is almost the same whether the 
quantity measured is the angle A(wf) or the time At. The 


(wt = )max = tan” 


-awt 
v, Ke cosut 


“ -awt 








Fig. 4. Curve of V_ im oscillation 


Dampometer expresses consequently a damped harmonic 
oscillation as a logarithmic spiral on the screen of the 
cathode-ray tube. The length of the radius vector of the 
spot on the screen is proportional to the ordinate of the 
envelope V, = V.e-awt of the harmonic oscillation (Fig. 
4). The higher the damping of the harmonic oscillation is, 
the faster the length of the radius vector decreases. If the 
screen is covered with a disk having s radial slots, the outer 
and the inner radius of each of them being r, and r, respec- 
tively, then the logarithmic decrement 6 of-the oscillation 
can be shown to be inversely proportional to the number 
of slot passages, n, between the outer and the inner radius. 
Denoting the time at which the spot enters the slots by t¢, 
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and the time at which it leaves by ¢,, the following expres- 
sions can be derived: 
r; => k,Vo cies 
r, = k,V.e- aut, 
“In (r,/re)=00(t, —t,)=27a n/s = db n/s 
°° $6 = 22a = S/n In (r,/Te) 
sig \slaiis estes. « (20) 
The number n is registered by an electronic counter, the 
damping counter, which is actuated by a photocell. 
The number of slots, s, and the radius ratio r,/r, 
can be chosen at will. In practice the radius ratio 
is determined by calibrating against a known input 
and does not necessarily coincide with the geometrical 
ratio. The frequency of oscillation, f, is measured using 
an oscillator of known frequency fos. A second electronic 
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Fig. 5. Block diagram of Dampometer 


counter, the frequency counter, starts when the damping 
counter shows n, and stops when the damping counter 
shows n,, and counts the number of cycles, mos, of the 
oscillator during that time. Hence the frequency of oscil- 
lation is determined by the relation: 


jn OO 


The values of n,, n, and fosc can be chosen within a suitable 
range. 
Design 

The arrangement of the different parts of the apparatus 
is shown in the block diagram of Fig. 5. The wiring of 
each part is given in the corresponding diagrams (Figs. 6 to 
9). A photograph showing the final assembled Dampo- 
meter is presented in Fig. 10. 

The amplifier and phase shifting network is shown in 
Fig. 6. The amplifier is of p.c. type and has an amplifica- 
tion of 20000. The first stage is a double triode 12AY7 
with coarse and fine balancing potentiometers and ampli- 
fication variation. The next stage employs two 12AU6 con- 
nected as starved amplifiers. This method can be 
used because the required frequency range is only 500c/s. 
The positive voltage of 2000V feeding this stage is 
also used as the acceleration voltage for the cathode- 
ray tube. The amplification of this stage is about 3 000. 

The amplifier ends with two cathode-followers 12AU7, 
which feed one pair of deflecting plates and the phase 
shifting network. This is followed by two more cathode- 
followers, feeding the other pair of deflecting plates. 

It is possible to change the ratio of the voltages of the 
two pairs of plates in order to compensate for 





different deflexion factors. The same arrangement is 
used to introduce the correction according to equation (16), 
which can be carried out on the control panel of the 
instrument. 

The light pulses are converted into voltage pulses by 
means of a multiplier photocell 931A, which is fed from 
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the high voltage supply. A Schmitt trigger, 12AX7, is 
used as a pulse shaper and is followed by a differentiating 
network. The pulses are counted by the damping counter 
(see Fig. 7). This consists of a scale of 1000, employing 
3 high vacuum decade counter tubes, Philips E1T, and 
necessary trigger tubes E90CC. The counter tube is a new 
all-electrostatic and inexpensive type, which has proved to 
be reliable. 

The frequency of the damped oscillation is measured 
by comparison with the frequency of an RC oscillator 
(see Fig. 8). A frequency counter, of exactly the same type 
as the damping counter, counts the number of cycles of 
the RC oscillator between two selected light pulses, for 
instance, between the 10% and the 100%. These pulses 
can be chosen within reasonable limits, with the start and 
stop selectors on the front panel, in order to suit different 
damping ratios and disks. 





then continuously increased to a value, at which the damp- 
ing counter commences to function regularly; this value 
is then increased by a certain amount to provide a safety 
margin. The adjustment is made with the spot moving on 
a circle, which can be achieved by connecting the RC 
oscillator of the apparatus to the amplifier. 


CALIBRATION OF THE SLOTTED D1skK* 


The effective ratio of the outer and the inner radius of 
the slots has to be determined experimentally using the 
same spot intensity and focusing as chosen above. An 
undamped voltage which can be accurately measured, is 
connected to the amplifier. A circle is then obtained on 
the screen, which can be expanded or diminished by alter- 
ing the input voltage. When the circle is well within the 
ends of the slots, the frequency counter will register a 
number nog. corresponding to the time between the n,“ and 
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Fig. 6. Amplifier and phase shifting network 


In an earlier version, gas-filled counter tubes with 
separate cathodes for every figure were used, and it was 
then possible to choose any pulse as a start or stop pulse. 
The E1T counter, however, can supply only the 1**, 10", 
100% and 1000" pulse. This difficulty has been overcome 
by using an additional scale of 4, which can be switched 
to give the 1°, 2™¢, 4%, 10%, 20", 40" or 100 pulse. 

The power supply, shown in Fig. 9, provides a number of 
regulated voltages, including the acceleration voltages. 
Three stabilizer tubes 85A2 are used to provide the 
reference voltage. 

To facilitate the adjustments of the instrument and to 
check that the spiral is undistorted, a monitoring cathode- 
ray tube is used. It is connected in parallel with the main 
one, which is covered by the slotted disk. 


Operational Experience 
MANIPULATION TECHNIQUE 

The technique of use of the Dampometer is given in this 
section in chronological order. It has been found that a 
warm-up time of about 15 minutes is necessary before 
use. After that time the following adjustments should be 
made to secure the desired accuracy : 


Spor ADJUSTMENT 

The effective ratio of the outer and the inner radius of 
slots usually differs a little from the geometrical ratio, due 
to the finite dimension of the spot. The focusing is adjusted 
to make the spot as small as possible. The intensity is 
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n,™ light pulses. If the circle is expanding (diminishing) 
towards the outer (inner) end of the slots, mos. will increase 
due to the longer time required to get (n, — n,) pulses. 
By plotting 1/mo.. against the input voltage, a curve is 
obtained, from which an effective value of the outer (inner) 
radius can be evaluated. See the example in Fig. 11. This 
calibration also eliminates errors due to non-linearities of 
the amplifier and cathode-ray tube. 


ADJUSTMENT OF THE PHASE SHIFTING NETWORK 

The voltage to be investigated is connected to the Dampo- 
meter and the values of R and C are adjusted by direct 
observation to make the curve on the screen as circular as 
possible. The frequency is thus preliminary determined 
from the frequency counter and is used to correct the 
value of RC according to the condition RC = 1/w (see 
equation (13)). At high values of a it may be necessary to 
iterate this procedure. 


NUMBER OF SLOTS 

It is desirable to obtain numbers on the counters that 
are high enough to provide reasonable accuracy. Thus 
if a is high, the number of slots should be high, the limit 
being determined by the spot diameter and the speed of 
the damping counter. If w is high, and if many slots are 
used, the number on the frequency counter will be low. 
In such case it might be preferable to use only a few slots. 
Therefore, a number of different slotted disks are used, 





* This is required only when a new disk is used and thereafter only very seldom. 
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which together with the ranges of n,, n, and 
Wosc, always gives a reasonable accuracy for 
both a and w. 

Another important factor to be mentioned 
in this connexion is the radius ratio. This, 
however, cannot always be chosen at will: 
because it is associated with the amplitude 
range of the oscillation being investigated. 


AMPLIFICATION 


The amplification is adjusted to such a 
value, that the spot travels for a few revolu- 
tions outside of the slots before entering. Then, 
if the oscillation is started abruptly by releas- 
ing the system, the term proportional to e-«t 
can be neglected after these initial revolutions 
(refer to equation (8)). If the oscillation is 
started by feeding energy into the system (ie. 
by gradually increasing the amplitude) and 
then abruptly disconnecting the energy source, 
it is also necessary to have sufficient time to 
reset the counters to zero, before the spot 
enters the slots. 


CORRECTION FOR HIGHER VALUES OF a 


An approximate value of a is obtained by an 
initial measurement without any correction. 
Using this value the adjustment is done accord- 
ing to equation (16) and this procedure can be 
repeated if required. 


STARTING AND STOPPING OF THE FREQUENCY 
COUNTER 


The pulses n, and n. that start and stop the 
frequency counter, have to be chosen in such 
a way, that the spot is at a safe distance from 
the ends of the slots all the time the frequency 
counter is running. If the photocell omits one 
or more pulses during this time, which may 
happen if the spot is near the outer or the 
inner end of the slots, the time for (n. — n,) 
pulses will be too long and the reading on the 
frequency counter too high, thus giving values 
of frequency, that are too low. 


FREQUENCY OF THE RC OSCILLATOR 


This frequency has to be chosen with regard 
to the other factors, in order to obtain the 
highest reading on the frequency counter, 
without exceeding its range. Four discrete 
values of the oscillator frequency are available. 


OPERATION 


After the adjustments have been made, the 
oscillation is started by one of the two 
methods that have been mentioned previously. 
The counters are reset to zero before the spot 
enters the slots. The results appear directly on 
the counters. The procedure can be repeated 
several times without any further adjustments, 
thus permitting mean values of the investigated 
quantities to be rapidly determined. 


Discussion of Errors 


Assuming an ideal input (see equation (4), 
the following factors may influence the 
accuracy of the determination of the 
logarithmic decrement: 


calibration of the slotted disk, 
adjustment of the product RC, 
method of starting the oscillation, 
limited number of slots, 
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elongation of the spiral along an oblique axis for high 
values of a, 


eccentric position of the undisturbed spot. 


The maximum error of the disk calibration, to be 
described, has been found to be less than 0-5 per cent of 
In(r,/r.). The error in 6 due to errors in the adjustment 
of RC can be neglected, if the adjustment is carefully 
carried out. The error due to the starting conditions of 
the oscillation can be eliminated by correct adjustment of 
the amplification. 

The maximum error due to a finite number of slots is: 


(— Ad/8)max = 


27a 
s In(r,/r2) 








The effective slot width is obtained from the difference 
between the. geometrical slot width and the part thereof 
which is covered by the spot during the time fmiz required 
to start the damping counter. Denoting the geometrical 
slot width by w.r (if the slot width is proportional to the 
distance from the disk centre), o is obtained from: 

o = s/2x(w — wimin) ............ (24) 
The time fmin is estimated to be 10usec. Repeating the 
measurements several times and using equations (23) and 
(24) it is thus possible to reduce the probable error due 
to a finite number of slots to a reasonably low value. 

The error in 6 due to elongation along an oblique axis, 
according to equation (18), is: 







































































































































































The obvious way of keeping this error small is to choose 1A8/8|max = Tag Pe ho eee (25) 
as high values as possible for r,/r, and s, the limit being = n(r,/T2 
determined by the spot diameter and the speed of the giving 4-4 per cent for r,/r, = 2°8 anda = 0:3. 
+340V 
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damping counter. For the cathode-ray tube used (r, = 45mm 
and the spot diameter > 0-5mm), this limit has been found 
to be r,/r, = 2:8 and s=50 for the frequency range 
f = 500c/s. For lower frequencies the optimum value of 
r,/r, is larger. For a = 0:3 the error according to equation 
(22) is then 3-7 per cent. 

This error can be further reduced by taking the mean 
value of repeated measurements. There is, however, a 
systematic error involved, and it can be shown that the 
correct value of 6 is: 

Baar = (i + o/n) Busy Trryrrr rrr. ct (23) 
where Smy is the arithmetic mean of measured values 6 
(determined from equation (20)) and where o is the effec- 
tive slot width expressed as a fraction of distance between 
centre lines of two neighbouring slots at a given radius. 
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The angular error due to the eccentric position of the 
undisturbed spot depends on the angle at which the radius 
vector of the spiral equals r, and r, respectively. If this 
error is a maximum at both r, and r,, the corresponding 
error in 6 is: 


|A8/8|max = ee ae (26) 


pone, aan 
In (r,/r2) 
where a is the distance between the centre of the undis- 
turbed spot and the centre of the disk. For a = 0:25mm, 
r,/re = 2°38 and r, = 45mm, the maximum error 1s 
2:1 per cent. 

The probability that the spot enters the slots with the 
maximum error, is small. Furthermore, for most values 
of a it is impossible to get the maximum error both at 
r, and r,, because for given values of a and r,/r,, the 
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difference between the exit angle and the entrance angle 
is constant. In any case, as the errors according to equa- 
tions (25) and (26) are symmetrically distributed with 
respect to zero and thus no systematic error is involved, 
the result can be essentially improved by taking the 
arithmetic mean of repeated measurements. 

The total maximum error in the logarithmic decrement 
obtained from a single measurement for a = 0-3 can in the 
worst case be as high as 10 per cent, but the probable error 
can easily be reduced to 1 to 1-5 per cent by repeating the 
measurement. 

If the rules given under STARTING AND STOPPING are 
observed, the error in frequency measurement is seen to be 
the same as the error in frequency of the RC oscillator. 


f 





Fig. 10. View of the Dampometer 
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Calibrating the RC oscillator at suitable time-intervals (e.g. 
once a month) this error can easily be kept within 0-5 
per cent. 

_ In many cases it is of interest to investigate the damp- 
ing factor, i.e. essentially the product ow. It therefore 
follows that with the present apparatus the damping factor 
can be determined within 1-5 to 2 per cent (in the range 
of a and w considered here). 

The Dampometer .is very suitable even for the case in 
Which the logarithmic decrement is not linear with respect 
to the amplitude. Using a small radius ratio, it is possible 
to analyse a small amplitude range and thus upon repeat- 
ing the investigation for different amplification factors, 
the effect of amplitude on the logarithmic decrement can 
be obtained. 





Conclusions 

The present: apparatus for automatic evaluation of 
damped oscillations, can be used with good accuracy 
(<2 per cent) for a logarithmic decrement absolutely 
smaller than 2 in the frequency range 0-5 to 500c/s. The 
apparatus can, of course, even be used for negativedamping. 
For higher absolute values of the logarithmic decrement the 
accuracy decreases. The apparatus provides the results 
simultaneously with the oscillation test. Thus several tests 
can be performed and evaluated in a short time to give a 
representative mean value. 

The range and the accuracy of the apparatus can be 
increased by using a larger cathode-ray tube, faster 
counters, higher radius ratio and larger number of slots. 
Thus the principle can be adapted up to frequencies of the 
order of 1Mc/s, if damping is not too high, which makes 
the Dampometer useful for a number of widely different 
research fields. For current aerodynamic investigations, 
however, the present range has been found quite 
satisfactory. 
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APPENDIX 

Exact PHASE PLANE REPRESENTATION AS AN ALTERNATIVE 
As pointed out, the basic principle 
mate phase plane representation of the 
oscillation, when a <1. It is therefore 

ou pe 

=m y, consequences of using an exact phase 
obtained by replacing the phase shift- 
ing network by a differentiating unit, 

tional to the time-derivative of V,. If the oscillation 

equation is: 

the voltages can be written: 

V, = Voe-aet cos wt 


BASIC PRINCIPLE 
aD might be interpreted as an approxi- 
D2|Vo 
of some interest to investigate the 
plane representation. This can be 
+ 
which makes the voltage V, propor- 
@V,/dt? + 2aw dV,/dt + w?(1 +-a7)V, =0 .. (Al) 
V, = —k, dV,/dt = kV. we- oot (sin wt+ acos wt) 


(A2) 
The instantaneous value of the total energy of the oscilla- 
tion is defined as: 
E =1/2w°(1 + a?) V,? + 1/2(aV,/dt)? .... (A3) 
The first term represents the potential energy and the 
second, the kinetic energy. The curve described by the 
spot on the screen is, as before: 


r=k(V,? + V;*) 
@ = tan” V,/V, 
Inserting equation (A2) the curve can be written as: 
r? = k,?V.? e~2awt [cos*wt + k,?(w7sin?wt + aw’sin 2wt 
+ a*w’cos*wf)] 
@ = tan~ [wk,(tan wt + a)] 


sere eeee 


wee. (A4) 


To obtain a circle in the case of constant total energy 
(a = 0), the scale factor has to be chosen k, = 1/w. In the 
general case (a #0) one has to take: 

1 
w(1 + a?) 
which follows from equation (A3). Then the length of the 
radius vector will be proportional to the square root of 


yas 


ee 
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the instantaneous value of the total energy. The curve can 
then be expressed as: 


1 = in 2wt cos 2wt 
2_ f 2p? e-2 ia SIR et A 20 
r? = k,’V,." e-2aut ears, ee ae 


$= tan~‘[(1 +a*)-(tan wt + a)] eee PET (A7) 
For a <1, this curve reduces to the logarithmic spiral: 
r= k,V, e~awt | 
(A8) 


pone 


Retaining terms of the order of magnitude a, but neglecting 
those of order a’, the spiral becomes: 


r? = k,*V,? e-2awt (1 + asin 2wf) 


9 =ol 


«+. (A9) 
o = tan—' (tan wt + a) 
This spiral is elongated in the direction of an oblique axis 
going through the centre of the screen and being sym- 
metrically situated with respect to the plates D, and D,. 
The general character of the curve is the same as of the 
curve given in equation (17), but the effect of a is of a 
higher order of magnitude. Thus the maximum error due 
to the elongation is: 

e(wt) = 1/0 In(1 + a) (A10) 
and yields for a = 0-3, an error of 50° as compared to 
8-6° from equation (18). 


The maximum phase shift between and wt occurs at 
tan wt = 4a and is: 


eee eeeeeee 


4a 


orteeeeeee 





(wt = )max a tan""7 
For ao = 0:3. This expression gives 17° as compared with 
2-6° from equatio (19). 

Thus it is seen that for a <1 (terms proportional to a 
can be neglected) both principles give the same results (see 
equations (15) and (A8), but for higher values of a the 
principle given (equation (17)) is far superior to the principle 
of exact phase plane representation (equation A9). 





SYMBOLS 
C = adjustable capacitance in phase shifting 
network 
7] = current between D, and D, 
R = adjustable resistance in phase shifting 
network 
V. = input voltage at t= 0 
V, = input voltage (on D,) 
V, = voltage on D, 
f = frequency of the oscillation 
fose = frequency of the RC oscillator 
k, = double deflexion factor of the cathode-ray 
tube 
n = number of slot passages between the outer 
and the inner radius (number shown on 
the damping counter) 

n,m. = number on the damping counter, when 
the frequency counter starts and _ stops, 
respectively 

Nose = Number of cycles of the RC oscillator for 
the same time that the damping counter 
goes from n, to n, (number shown on the 
frequency counter) 

r = length of the radius vector of the spot 
r,,%> = Outer and inner radius of the slots, 
respectively 
s = number of slots in the disk 
t = time 
a = 1/276 
8 = logarithmic decrement of the oscillation 
e(wt) = maximum error in wt due to the elongation 
of the spiral along an oblique axis 
@ = angle of the radius vector from the direc- 
tion D, > D, 
oOo = 2x 














Improvements in U.S.A. Primary Standard of Frequency 


Accompanying the maintenance of America’s primary 
standard of frequency is a continuing investigation by the 
U.S. National Bureau of Standards of methods for improving 
the constancy and reliability of the standard. Some modifica- 
tions incorporated within the last few years include the use of 
resonator crystals to sustain the accuracy of the standard, more 
sensitive and reliable temperature controls, and precise clock 
mechanisms to monitor time signals. 

The Bureau’s primary standard of frequency is the founda- 
tion upon which are based all time and frequency transmis- 
sions from the Bureau’s radio broadcasting stations, WWV in 
Beltsville, Maryland, and WWVH, Maui, Territory of Hawaii. 
From these stations, standard radio frequencies of 2-5, 5, 10, 
15, 20, and 25Mc/s are transmitted continuously with 
accuracies of 2 parts in 100 million. Two standard audio 
frequencies, 600 and 440c/s are broadcast on all of the radio 
carrier frequencies. A pulse of 0-005sec duration occurs on each 
carrier frequency at intervals of Isec. The time intervals, 
as transmitted, are accurate within +2 parts in 10°+1,ysec. 

The primary standard of frequency consists of 9 crystal- 
controlled oscillators and & quartz crystal resonators. All of 
the crystal-controlled oscillators are kept in continuous opera- 
tion and the best ones, those having the least amount of devia- 
tion from 100kc/s for the immediately preceding 6-month 
period are the units from which the standard frequency is 
determined. 

The oscillators are controlled by GT-cut quartz crystals. In 
examining the crystals, it has been observed that generally 
their performance curves (frequency-amplitude) have a flat 
region within which the crystal frequency is relatively constant. 
When the driving current reaches a value of about 150uA the 
frequency decreases sharply.. In view of this fact, the driving 
current applied to the crystal units of the newer oscillators 
is less than 100HA. 
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Once a day, the value of each resonator crystal and each 
standard oscillator is determined. First a precision variable 
oscillator is adjusted to the frequency of one of the resonators. 
The variable oscillator is then compared to one of the stan- 
dard oscillators, and the beat or difference frequency is 
counted on an electronic frequency counter with a precision 
of the order of parts in 10'°. The variable oscillator is re- 
adjusted to the second resonator crystal and again compared 
to the same standard cscillator. The difference frequency 
between these two oscillators is again recorded. This pro- 
cedure is continued until data are available indicating the 
amount of frequency deviation present between the standard 
oscillator and each of the resonator crystals. One of the 
remaining 8 oscillators is used as a reference against which all 
of the other oscillators are compared. 

A more precise and reliable temperature control of the 
ovens enclosing the oscillators has been developed. The oven 
is essentially 4 concentric cubical chambers: the centre 
chamber holds the oscillator unit, and the space of the next 
and outer chamber is filled with felt insulation. An_air- 
chamber containing mat heaters separates the insulated 
chambers. The outer heater is controlled by a simple mercury 
thermostat. Control of the inner heater is achieved by using 
a network in which the heater element is part of the sensing 
circuit. In effect, one pair of arms of a resistance bridge 1s 
made up of wire with a high temperature coefficient and the 
other pair, of wire of negligible temperature coefficient. 

In order to monitor the time signals generated by the fre- 
quency standard, one of the Bureau’s standard oscillators is 
used to drive a synchronous clock. The 100kc/s output of each 
oscillator is divided to a frequency suitable for driving a spark 
chronograph and chronoscope. The instruments are designed 
so that the driving oscillator may be compared to the time 
signals of the other 5 oscillators in the Washington laboratory 
and those at the WWV installation to differences as small as 
20 millionths of a second, 
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Direct Current Stabilizers for Electromagnets 


By M. W. Jervis*, M.Sc.Tech., A.M.I.E.E. 


Many papers have been written describing current stabilizers designed for specific purposes. The 
general principles of operation of some of these are considered and factors affecting their stability 
are reviewed. 


URRENT stabilizers are often required for use with 
pm supplies which energize electromagnets used for 
producing constant magnetic fields. Typical examples are 
found in connexion with mass spectrometer and cyclotron 
magnets and with electron microscope magnetic lenses. In 
these cases, considerable change in resistance occurs during 
operation due to temperature rise of the copper windings. 
Usually, the power supply voltage also fluctuates. 


Basic Equations 
In the notation used by Hill’, for a current stabilizer 
operating in the linear region: 
bly = 8s Vi id Ro dV. 
where 6/; = stabilized output current change 
5V; = input voltage change 
dV. = output voltage change 
and gs = d11,/0V; = stabilization transconductance 
2o = —ely/@Vo = output conductance. 

The terms gs and g, indicate the effect of input voltage 
and lead resistance changes on the output current. Clearly 
for effective stabilization g, and go must be small. It is also 
seen that since Vo = IR: 


al; 
— Oi. (av. =< .~ —— 
asf a¥. aR. 


Ro = 
where Ry is the load resistance. 
If the stabilizer is regarded as a voltage source of output 
resistance Ro, and a change 6Rr in the load resistance 
causes an output current change of dl, then: 


dR 
LN OR crm apn ea 
L/Tt ck (2) 
Combining equations (1) and (2) we obtain: 
1 
So. = / i ZZ 
Ro R, 4s Ry 1/ Ro if E> z Ry 


In practice the input voltage V; often contains high 
frequency ripple, so to prevent its appearance in the output 
current /:, g; must be small up to quite high frequencies. 
This is not so in the case of go, as rapid changes in the load 
Ry, are not usually encountered, and g. need be small for 
low frequencies only. 

It is sometimes advantageous to pre-stabilize the voltage 
feeding the current stabilizer, thus permitting a higher 
value of gs. The effect of load resistance changes on load 
current can only be reduced by making g, small, unless 
some form of compensation is possible. If load changes are 
large they can be the main source of instability of the 
Output current. 


Stabilization Using Non-Linear Elements 


Non-linear devices such as barretters have current 
stabilizing properties, but their application is limited since 
they are commercially available only for certain currents. 
With some barretters the stabilized current is sensitive to 
ambient temperature and their action has a long time lag’, 


——___. ‘ 





* Research Laboratory, Associated Electrical Industries, Ltd. 
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though improved types are available*. The high anode 
resistance of pentodes can be utilized for current stabiliza- 
tion, and may be increased by negative current feedback. 


Feedback Stabilizers 
CIRCUIT ARRANGEMENTS 

The simplest form of feedback valve stabilizer is a triode 
with a resistor Rx in the cathode circuit and the load in 
the anode circuit (Fig. 1). The output resistance of this 
arrangement is r, + (1 + ) Rx where ra is the valve anode 
impedance without feedback and u the amplification factor. 
If a non-linear device, such as a metal filament lamp, is 
used for the cathode load, a high effective value of Rx 
is obtained for a small cathode load voltage drop*. The 
time lag of the filament, however, makes this effect smaller 
for the higher frequency components present in power 
supply ripple and transients. 

Pentodes produce better results than triodes since u and 
ra are higher and because of the contribution of the screen 





Supply Voltage 





Load 


a 





Fixed 
Voltages 





Fixed Voltage 








Fig. 2. Cascode circuit with metal 


Fig. 1. 
filament lamps as cathode resistor 


Triode valve with cathode 
resistor feedback . 


grid u. Measurements on a 6F6 pentode circuit made by 
Hill’ with Ry = 10002, » = 200, show gs; = 11 <x 10-*mho 
2. = 5:3 x 10-*mho, Ro. = 190 0000 in fair agreement with 
predicted values. The degree of stabilization is limited by 
the constants of the valves used and the maximum value of 
cathode resistor permissible. 

The efficiency of the cathode feedback circuit can be 
further improved by using a pentode as the cathode load, 
i.e. a cascode amplifier using two pentodes with the load in 
the anode of the upper valve (Fig. 2). This circuit has 
been analysed by Van Scoyoc and Schulz* and can have a 
very high output resistance, though it has the disadvantage 
that both valves pass the load current. 

As an alternative to increasing the effective value of 
Rx, the effective value of can be increased by introducing 
a separate amplifier. The basic arrangement then becomes 
that shown in Fig. 3(a); the load current /1, is passed through 
a reference resistor R and the voltage drop across it is 
opposed by the reference potential E. The difference is then 
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applied to a D.c. amplifier, the output of which is fed into 
a current control device placed between the supply and the 
load. An alternative to using reference resistor and voltage 
is to compare the load current with a reference current in 
a transductor, the output of which is rectified before final 
D.c. amplification®. 

The main requirement of the control device is that it 
should suit the load current. For loads up to about 1A, 
a parallel combination of valves is suitable; larger currents 
can be stabilized by shunting the valves with resistors, at 
the expense, however, of reduced control. Many different 
arrangements have been used for higher load currents. The 
choice of system depends on the same factors as occur in 
voltage stabilizers, which have been reviewed by Benson‘. 

For currents up to 5A, Wills’ describes a current stabilizer 
employing a power amplifier controlling a 3-phase a.c. 
supply feeding a rectifier set. Alternatively some form of 
transductor can be used*. For larger currents motor 
generators are usually necessary, the output being con- 
trolled via the field windings with a bank of valves® or a 
small generator’’. 


ANALYSIS OF TYPICAL CASE 


The exact analysis of such a circuit depends on the form 
taken by the control device. As an example, a circuit 
including a series triode (Fig. 3(b)) will be analysed 
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Fig. 3 (a) and (b) Feedback stabilizer with separate D.C. amplifier 


The voltage drop across the series valve is given by: 


Vax = ira — PV gx 
now: 


Vex = —A[hR — E] — h[Ri + R] 


where r, and u relate to the series valve and R and E are 
the reference elements. 


I, and Ry, are the load current and resistance respectively. 
“Vi = Vax +h [Rit R] 
=I.r,—p[— A(R — E)— (Ri + R))+ [R14 R] 
=N[ra+ uAR+uRi+ uR)- vAE+h; [Ri+R] 
Vi 
rat+ tAR+(Ri+ RMI 4+ 1) a 
sae a pAE Prd (3) 
ra+ uAR+(Ri+R)(14+y)"° 
dly, 
dV; 





ae 





.. Stabilization transconductance g, = 





1 Bs eens 
 henehawl+y mae oe 
i.e., changes in output current which would have been 
caused by an input voltage change are reduced by a factor 
BAR, where yu is the amplification factor of the series 
valve, A the amplifier gain and R the reference resistor 
value. ; 
dh, dh, 


dV. ~—«sL dR 





.. Output transconductance g. = — 
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l+u ; 
== f =1/AR if A and uw are la 
r+ wAR+(Ri+ RA +n)! és 7“ 
.. Output resistance Ro = 1/g.~AR .......... (5) 


i.e., the output resistance of this stabilizer is approximately 
given by the product of reference resistor and voltage gain. 

The change in current d/i, for a load change dR, is, 
therefore, given approximately by 


Bh RL 
I,  ~=AR 
From equation (3) it can be seen that if A is large 
ia BAe _ 
1+ uAR 
; E 
Le. [1 ot Rhee (6) 


IMPROVEMENTS BY COMPENSATION 
Input Voltage Compensation 

For the simple cathode resistor feedback stabilizer, the 
addition of a resistor Ry = uRx (Fig. 4) makes the load 
current J; independent of supply voltage fluctuations; this 
resistor causes only a small reduction in output resistance, 
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Fig. 4. Cathode resistor stabilizer 


’ Fig. 5. Hill’s ‘‘degenerative mu- 
with imput voltage compensation balan 


ce’? arrangement 


Since u varies with the working point of the valve, how- 
ever, perfect compensation is not obtained for all currents. 
Compensation over a wider range can be obtained by the 
“degenerative mu-balance” scheme described by Hill’ and 
shown in Fig. 5. Any change in voltage drop across the 
valve is reversed in phase and a fraction is applied to 
the grid of the valve. If this fraction is 1/u, the anode 
current remains constant in spite of changes in voltage 
drop across the valve. The practical circuit described by 
Hill gives infinite stabilization at two points, with values 
between these points of g, = go = 0:25 x 10-‘mho 
(Ro = 4MQ) for a 3 0000, 50mA load. 

In a series parallel stabilizer using a pentode amplifier 
(Fig. 6), input voltage compensation can be obtained by 
a suitably proportioned potential divider R,R, fed from 
the input voltage’', an arrangement often used in voltage 
stabilizers’. 

Load Resistance Compensation 

The output resistance of the series parallel circuit 
(Fig. 6) can be raised by load resistance compensation. 
A fraction of the output voltage is fed into the cathode 
circuit of the amplifier by the resistors R, and R, so that 
variations in the load resistance cause a compensating 
voltage to be added to the reference potential E. For a 
certain ratio of R, and R,, the output resistance of a 
typical circuit’! can be increased from 0:5 to 4MQ over 
the load resistance range 3000 to 40000. Similar com- 
pensation could be applied to more complicated amplifier 
arrangements. 

It should be noted that although compensation can often 
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effect an improvement, it should not be relied upon to a 

t extent. Permanency of the compensation adjustment 
depends on the stability of valve characteristics in addition 
to resistors, and since valve characteristics change with 
time, the degree of compensation is likely to alter. 


Factors Affecting Stability 
REFERENCE ELEMENTS 

It can be seen from equation (6) that the stability of 
the load current depends directly on that of the reference 
resistor and potential. 

For the best stability, the reference resistor is made from 
low temperature coefficient material, suitably baked and 
annealed. Unsealed resistors stable to 10 parts per million 
per year can be made, sealed resistors are some 10 times 
more constant’*. Temperature control of the resistor is 
often necessary for the highest stability and separate 
potential and current terminals are essential when the load 
current is large. In this case, a small value of reference 
resistor must usually be chosen to minimize power dis- 
sipation, but then the reference potential is small, and 
stray potentials and the pD.c. amplifier stability problem 
become troublesome. In one way the resistor problem 
here is more difficult than in voltage stabilizers. In the 
latter case the potential divider ratio only is required to be 


























Fig. 6. Two valve feedback stabilizer with compensation 


kept constant, but in current stabilizers the absolute value 
of the resistor must be stable. 

Gas discharge tubes are a convenient source of reference 
potential, but have been shown by Benson’ to exhibit 
random variations of running voltage of about 0-4 per cent, 
though manufacturer’s data for type 85A2 gives 0-1 per 
cent per 1000 hours. Dry Leclanché cells are often used 
as a more stable reference source’, though mercury cells 
such as the Ruben’ and Kalium* types have the advan- 
tage of smaller temperature coefficients of voltage (about 
20 parts in 10°/°C compared with some 200 for Leclanché 
cells). These have been used in a voltage stabilizer giving 
an output stability of a few parts in 10° per hour™. 
Weston standard cells can also be used, though their 
relatively high internal resistance (about 1 000Q) is a draw- 
back if appreciable current is drawn. Sometimes the feed- 
back amplifier does not permit the use of such a high 
input load resistance. 


FEEDBACK AMPLIFIER 

In addition to requiring a certain gain to reduce the 
effects of supply voltage and load variations, the feedback 
amplifier must also have a good input stability. Variations 
in the amplifier, referred to the input, have the same effect 
as changes in the reference voltage, so affecting directly 
the output current stability. The properties of various 
types of amplifiers have been reviewed by Kandiah and 
Brown"*, but a few examples will be quoted to illustrate 
their use in current stabilizers. 
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Simple valve circuits usually have a stability of the order 
of 10mV/h, ie. 1 in 5000 for a 50 volt reference potential. 
This arrangement is often used in electron microscope 
magnetic lens stabilizers in a circuit (Fig. 6) closely 
resembling the conventional series parallel valve voltage 
stabilizer’. 

For higher stability or when large currents are to be 
stabilized it is usually necessary to use a contact 
modulated or galvanometer amplifier’*. An example of 
the galvanometer system is that due to Chang’®, where a 
stability of 1 in 10* was obtained using a reference 
potential of 200mV. Using a contact modulator amplifier 
and | volt reference potential, Sommers, Weiss and 
Halpern® obtained a stability of 1 in 10°/min for an 
electromagnet current of 160A. 


PREVENTION OF OSCILLATIONS 

In order that the effect of input voltage and load 
resistance changes may be reduced to the required degree, 
a certain loop gain is necessary. The maximum loop gain 
which can be applied in a feedback circuit before the 
onset of oscillations is related to the frequency response 
in a manner investigated by Bode’’. It can be shown that 
oscillations are likely if the gain falls with frequency 
resulting from two or more comparable time-constants. 
This situation obtains when such combinations as galvano- 
meter amplifiers and motor generators are used. Con- 
ventional contact modulator amplifiers have a poor high 
frequency response because of the modulating frequency 
input and output filters, though the parallel-7 p.c. 
amplifier?® does not suffer from this defect. 

In some cases oscillations can be prevented by obtaining 
derivative feedback from anti-hunt coils wound on the 
electromagnet core and injecting the voltage induced in 
them into the feedback loop’®. Alternatively the fre- 
quency response of parts of the loop can be improved by 
auxiliary feedback loops. In the case of a motor generator 
this can take the form of a voltage feedback loop from 
the generator output which has the effect of improving 
the frequency response and reducing the output ripple 
due to commutation, etc. The generator then becomes 
a low noise power amplifier with a good frequency 
response.’ 
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Relay Scale-of-[wo Circuits 


(Part 1) 


By R. C. M. Barnes*, B.Sc. 


The scale-of-two is a basic element of many relay circuits but the limited information which has 
been published does not indicate the numerous circuits that have been developed, nor assist in the 


choice of an appropriate circuit for each particular application. 


This article therefore reviews a 


typical selection of ‘relay scale-of-two circuits. 


ELAY scales-of-two and other counting elements do 

not form a prominent feature of automatic telephone 
equipment in this country and are given, at the most, a 
passing reference in the literature. Thus the circuit 
designer has so far had very little guidance in choosing 
an appropriate scale-of-two circuit for each of the varied 
applications in the field of relay control, switching, and 
counting, since there is no single circuit which gives the 
optimum performance in all cases. 

Sixteen circuits of practical value are described, with 
rather more information about the operation of each 
circuit than will be required by those familiar with the 
design of relay circuits, and with comments on any out- 
standing characteristics or design difficulties. Reference 
is also made to a few circuits which have been published 
but which appear to be of no practical value. 


Principal characteristics of Relay Scales-of-Two 


The circuit designer will be mainly concerned with the 
resolution time of the scale-of-two, the input conditions 
which are necessary and the type, of output which it 
provides. If cost or pan-climatic protection is important 
he may also wish to specify a particular type of relay. 


RESOLUTION TIME OR OPERATING SPEED 

As a general rule it may be assumed that a scale-of- 
two consisting of type K3000 or K600 relays will accept 
pulses at rates up to 10 per second, and circuits with 
high speed or polarized relays will accept pulses at 50 per 
second, It may sometimes be possible to improve on 
these figures, but seldom by more than a factor of two, 
by very careful choice of circuit and components and by 
providing an input pulse with the optimum make-break 
ratio. 


INPUT CONDITIONS 

It is often desirable to choose a scale-of-two circuit 
which is controlled by a simple on-off condition, particu- 
larly where there are several inputs in parallel or con- 
nected by complicated switching networks. In some cases 
the scale-of-two can be simplified if the input condition 
is more complicated, for instance a make-before-break 
changeover contact can be used to control a very simple 
scale-of-two. 


OuTPuT CONDITIONS 

Outputs at half the input frequency can often be taken 
from suitable points in the scale-of-two circuit and may 
be the only possible outputs from high speed relays with 
only one contact. Where the scale-of-two relays are 
required to have contacts in several other circuits the use 
of multi-contact relays is essential. 


TYPE OF RELAY 

_If sealed or miniature relays are necessary the choice of 
circuit will be restricted by the limited contact actions and 
coil windings which are available on these relays. 








* A.E.R.E. Harwell. 
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Definitions of Standard Terms 


The reader who is not familiar with relay circuit design 
will need to be reminded of the standard functions for 
which a relay is designed, the correct names for the con- 
tact actions, and the conventions used in circuit diagrams, 

In general a relay can be designed to meet one or more 
of four circuit application current conditions which can 
be summarized as:— 


OPERATE CURRENT 

The minimum current which the circuit must provide 
under adverse conditions of voltage and resistance in order 
that the relay will always operate fully and at a reasonable 
speed. 


HOLD CURRENT 

The minimum current which the circuit must provide 
under adverse conditions in order that the relay will 
remain fully operated. 


NON-OPERATE CURRENT 
The maximum current at which the relay will not 
operate at all. 


RELEASE CURRENT 
The maximum current at which the relay will release 
completely after the magnetic circuit has been saturated. 


CONTACT ACTION 

Four types of contact action are available on most 
relays. A “make” contact (abbreviation M) is normally 
open, and closes when the relay is energized. A “ break” 
contact (abbreviation B) is normally closed, and opens 
when the relay is energized. A changeover contact (abbre- 
viation C) has a break-before-make action, and on some 
relays a special type of changeover with make-before- 
break action is possible (abbreviation K). It is usually 
specified that a relay must be adjusted so that, as the relay 
operates, all the break contacts open before any make 
contact closes (K contacts excepted). 


Circuit DIAGRAMS ; 

The diagrams show the relays in the unenergized con- 
dition, i.e., with the power supply disconnected. For con- 
venience in the circuit descriptions where a coil has two 
windings these have been labelled V and W_ without 
reference to the relative resistances or turns, or to 
the order in which the windings may appear on the 
actual relay. On most type K3000 relays with double 
windings the resistances are approximately equal but one 
winding has slightly more turns. Special “ balanced ” coils 
are available with equal resistance and turns. On inter- 
service preferred high speed relays the two windings have 
equal turns and resistance but have different sensitivities. 

The diagrams in this article are drawn assuming 4 
positive power supply. Wherever possible circuits have 
been drawn in a uniform manner to emphasize similarities, 
and in some cases this has necessitated a slight re-arrange- 
ment of circuits which have already been published. The 
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denominators of the relay codes show the minimum num- 
ber of contacts which are essential for the scaling sequence. 
In many cases, extra contacts on the relays would be 
used in other associated circuits. 


A Simple Relay Scale-of-Two 
Most relay scales-of-two consist of two relays, which 
will be referred to as A and B throughout. These relays 
operate in a sequence such that A changes its state when 
each pulse is received and B takes up the same state as A 
after each pulse: i.e.: — 
1°', or odd, pulse on 


1°, or odd, pulse off 


relay A operates 


relay A remains operated, 
B operates 


relay A releases, 
B remains operated 


2°", or even, pulse off relay B releases 


The circuit of Fig. 1(a) gives this sequence in a simple 
manner, although it is controlled by a make-before-break 
contact, 7. When the contact / operates it completes a circuit 
through winding A,, and A operates. When / releases it 
establishes a circuit with contact A, closed and winding W 
of both relays in series before disconnecting the operating 
circuit of A. B now operates and A remains operated. 
The next operation of J, with B operated, allows current to 
flow in B, winding and then disconnects the path by which 


2"! or even, pulse on 


A 
i 


aaa 
























| 
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in 
ES 


(9) + (b) 


Fig. 2(a) and (b). The prime pair circuit element 


B and A have been energized. A releases. When / releases 
at the end of this second pulse the holding circuit for B 
is broken and B releases, completing the required sequence. 
It is assumed that the make-before-break contact I is 
bunched for a time less than the operate time of A relay. 
Fig. 1(b) shows an alternative version of the circuit in 
which B has only one winding. If the transit time of 
contact 7 is short compared with the releasing time of 
relays A and B it is permissible to use a break-before-make 
changeover. 


Prime Pair Scales-of-Two 

A well known circuit element for providing the correct 
Sequence when odd pulses are received is shown in Fig. 
2(a) and 2(b). This arrangement is sometimes called a 
Prime pair. When the input lead is earthed current flows 
through the coil of A relay, which operates. The A con- 
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tact prepares a circuit which will be used to operate B and 
hold A in series, but during this pulse B is short-circuited. 
At the end of the input pulse B operates in series with A. 
A contact of B relay then prepares a route for the next 
pulse to a circuit element which will release first A and 
then B. 

The prime pair circuit element is used in the complete 
circuits of Figs. 3 to 9, together with another circuit 
element which secures the subsequent release of A by one 
of the following methods :— 


(a) Routing the second pulse to short-circuit A. 


(b) Passing the second pulse through a winding on A 
which opposes the first winding and provides more 
ampere-turns so that the magnetic flux tends to 
reverse and in doing so releases the relay. 


(c) Passing the second pulse through a balancing wind- 
ing on A which opposes the first winding and pro- 
vides approximately equal ampere-turns so that the 
magnetic flux is reduced to a value at which the 
relay releases. 


(d) Routing the second pulse to operate a third relay C 
which disconnects A. 


SECOND PULSE SHORT-CIRCUITS RELAY A | 

In the circuit! of Fig. 3 the prime pair circuit element 
causes A to operate during the first pulse and B to operate 
in series with A after this pulse. The two contacts of B 
now reconnect the driving contact 7 so that, when it next 
closes, the coil of A will be short-circuited. Consequently 
A releases during the second pulse and B continues to be 
energized via B., / and B, until the end of the pulse. Some 
resistance is added in the power supply lead to protect the 
relay contacts in the event of an earth fault. This circuit 
is simple, suitable for use with sealed relays which have 
only one coil winding and the relay design is not critical. 


8 
73 





Fig. 3. Circuit for relays with single windings 


It cannot be used to count fast pulses since the release 
of A under short-circuit conditions is very slow. 

Fig. 4(a) shows a similar circuit in which the input 
contact is earthy. When B is normal the first pulse is 
applied to the prime pair circuit element, operating A 
during the pulse and B at the end of it. The next pulse 
is routed to winding By, holding B operated for the dura- 
tion of the pulse, and it also short-circuits A. The resistor 
limits the current which flows during the short-circuit period. 
It should be noticed that winding By is in parallel with the 
limiting resistor during the first pulse. The components 
must be chosen so that there is no risk of B operating pre- 
maturely due to this condition. 

An alternative version of the circuit in Fig. 4(b) uses a 
rectifier to isolate the hold winding of B during the first 
pulse. A is shunted by the rectifier during the second 
pulse and the components must be chosen so that the 
current in A falls below the release current. Both forms of 
this circuit are suitable for high speed relays, although the 
release of A will be comparatively slow. 

The circuit?* shown in Fig. 5 has a prime pair circuit 
element to give the first pulse sequence. Winding By 
appears in series with A during the first pulse, but is chosen 
so that B does not operate. B holds over this winding 
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during the second pulse and A is short-circuited. The 
following conditions must therefore be satisfied: 

(1) Relay A will operate in series with winding By. 

(2) Relay B will not operate when winding By is in series 

with relay A. 
(3) Relay B will operate when both windings are in 
series with relay A. 

(4) Relay A will hold in series with windings By and Bw. 

(5) Relay B will hold when only winding Bw is 

energized. 

These conditions can be met with non-preferred high 
speed relays; for working on a 50 volt supply relay A 
could be a Siemens type H85L (1 700 + 1700 ohms in 
series) and relay B a Siemens H85J (winding By is 500 ohms 
and By is 145 ohms). It should be possible to make Ba 
preferred relay, with equal windings, by adding a shunt 
across Bw. 


SECOND PULSE REVERSES FLUX IN RELAY A 

The circuits which have been discussed above all have 
the defect that the short-circuit release of A is slow. This 
situation can only be improved by using a large residual 
air-gap and heavy springset loading with consequent 
increase in operating time. 


<-o 


ae 
: Ls 


(9) 


Fig. 4(a) and (b). Two circuits suitable for high speed relays 
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Fig. 5. A further circuit for high speed relays 


If the second pulse.releases relay A by energizing a 
second winding on A, tending to reverse the magnetic flux, 
the release may be as fast as that which could be expected 
if the relay windings were disconnected. 

Fig. 6(a) shows a circuit embodying this principle. The 
prime pair circuit element gives the usual sequence when 
the first pulse is received. Then, with A and B operated, 
the second pulse is applied to windings Aw and By in 
parallel. Winding Bw is connected to assist winding By, 
but winding Aw opposes A, and develops more ampere- 
turns. The magnetic flux in A decays rapidly and, ideally, 
contacts A, and A, disconnect the operating and release 
windings of A simultaneously. A releases fully and B 
remains operated until the end of the pulse. If relay A 
is adversely adjusted so that, on release, contact A, opens 
before A, the relay will attempt to re-operate over contact 
A, until A, recloses. It is therefore necessary to guarantee 
that the operating circuit of A is broken before the release 
condition is removed. 

Many relays are adjusted so that, on release, all make 
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contacts open before any break contacts close and this 
feature has been employed in Fig. 6(b) to ensure the correct 
sequence of the operating and release circuits for relay 4, 
The second pulse is applied to the release winding of 4 


and the hold winding of B in series. Contact A, opens 
as A releases and disconnects the hold winding of A before 
contact A, short-circuits the release winding. B remains 
operated until the end of the pulse. 

A minor defect of this circuit is that the operation of 
relay A is retarded while winding Aw is short-circuited by 
contact A,. This can be corrected by a second B contact 
or a rectifier as shown in Fig. 6(c). 


SECOND PULSE APPLIED TO BALANCING WINDING ON A 
The circuits of Figs. 6(a), 6(b) and 6(c) require the relay 
to have two contacts; one in the holding circuit, and one to 
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Fig. 6(a). Circuit for two multi-contact relays; (b) improved version ot 
Fig. 6(a); (c) further improvements applied to Fig. 6(b) 


disconnect the releasing winding and prevent re-operation 
on reversed energization. These circuits are therefore un- 
suitable for single contact high speed relays. The neces- 
sity for a contact controlling the releasing winding can 
be avoided if the two windings of A have approximately 
equal and opposite energization. Fig. 7 shows a circuit 
of this type*. The first pulse is applied to the usual prime 
pair circuit element, with the rectifier isolating winding 
Aw. With relays A and B operated, the second pulse is 
routed through winding By to both windings of A in 
parallel. Winding By is connected to assist winding B, 
so that relay B remains operated until the end of the pulse. 
Windings Ay and A, give equal and opposite energiza- 
tion and relay A releases. 

The minimum conditions which must be satisfied are 
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that any out-of-balance between the A windings should 
produce less than the release ampere-turns of energization 
in A when the second pulse is received and less than 
the non-operate ampere-turns after the A make contact 
has opened. If the second pulse produces an exact balance 
between the A windings the release of A is much slower 
than its release on disconnexion, while a residual energiza- 
tion equal to the release ampere-turns will give an even 
worse performance. A second difficulty is that any out-of- 
balance after A releases may result in prolonged contact 
bounce at the break contact of a high speed relay and pre- 
vent its use for providing an output. This can be minimized 
by a second rectifier or equivalent resistance in series with 
the Aw winding. 
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Fig. 7. Circuit for high speed relays using a balanced release 
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Fig. 8. Circuit designed to tolerate adverse relay adjustments 
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Fig. 9. Circuit with three high speed relays 


A more complicated circuit, suitable for multi-contact 
relays, and using balanced windings on the A relay is 
shown in Fig. 8. Relays A and B operate as before. The 
second pulse is routed by contacts B, and B, to By and Aw 
windings in parallel. Windings Ay and Ay then provide 
equal and opposite energization so that relay A releases. 
If contact A, breaks first, both windings of A are dis- 
connected simultaneously and the relay continues to 
release. If contact A, breaks first the releasing winding 
Aw continues to release A until A, breaks. The resistor 
limits the current carried by contacts B, or A, in the 
event of an earth fault in this part of the circuit. Contact 
B, ensures that the voltage developed across the resistor 
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during the first pulse does not produce current in wind- 
ings Aw and By. The circuit is claimed to work satisfac- 
torily with adverse adjustments of both relays. 


A CIRCUIT WITH THREE RELAys*'® 

Fig. 9 shows a circuit designed for single contact high 
speed relays which uses a third relay. It avoids the very 
slow release of the A relay inherent in circuits using short- 
circuit or balanced release principles. The first pulse 
operates A and B as before. The second pulse holds B 
and operates C in series. C disconnects A, which releases 
rapidly. 

(To be continued) 
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New Airfield Surface Movement Indicator at 
London Airport 


The imminent transfer of traffic to the céntral area at 
London Airport and the continued increase in aircraft 
movements has led the Ministry of Transport and Civil 
Aviation to make a detailed study of the problem of direct- 
ing and controlling aircraft when they are on the ground. 
It is now clear that the present system of visual super- 
vision from the control tower coupled with radio telephone 
position-reporting by the aircraft will have to be aug- 
mented if the increasing traffic is to flow smoothly in bad 
weather. 


The high definition ob- 
tained is shown in the 
accompanying _ illustra- 
tion, reproduced from a 
photograph taken dur- 
ing recent trials at 
London Airport. An 
aircraft may be seen 
taking off from the 
lower runway — its 
movement over three 
successive rotations of 
the scanner being 
clearly defined. An- 
other aircraft is shown 
at the right-hand end 
of the upper runway 
awaiting take-off clear- 
ance. 





With this in mind the Ministry have carried out a num- 
ber of experiments at London Airport designed to put the 
complex pattern of runways and taxiways to the most effi- 
cient use. These experiments have shown that the intro- 
duction of a high discrimination radar, so sited as to give 
an uninterrupted picture of runways and associated taxi- 
ways, would give great assistance to the controller. The 
Ministry have therefore decided to install an Airfield Sur- 
face Movement Indicator (ASMI) with its aerial on the 
top of the new central Air Traffic Control Tower and 
they have selected for this purpose the Decca Millimetric 
Radar operating on a wavelength of approximately 8 mms 
(Q Band). 

Primary features of the new set are high discrimination 
derived from the narrow horizontal beam of 23 minutes 
and the short pulse of 0:05 microsecond. This discrimina- 
tion in bearing and range, combined with the high quality 
receiver and display system used, produces a radar picture 
of exceptional clarity. The set is, therefore, capable of 
providing precise information at short range on the move- 
ment of aircraft and vehicles on the runways and taxi- 
ways of large modern airfields. 
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A. Differential Leak Detector for 
Evacuated Vessels 


D. A. Lundberg *, B.Sc. 


it is necessary in the production of cathode-ray tubes, to have apparatus capable of locating 
very small leaks in the evacuated tubes. 


The development of a suitable apparatus is described and operating instructions are given in 


an appendix. 


The apparatus uses two Klemperer-type cold-cathode ionization gauges in a bridge 


circuit, the balance of which is disturbed when a jet of calor gas is passed over a leak in the tube. 


HE increasing use of metal-to-glass seals in the pro- 

duction of cathode-ray tubes has made it essential to 
have apparatus which is capable of detecting and 
locating very small leaks. Apparatus for this purpose 
depends for its operation on the detection of a gas which 
is applied, either internally or externally, to the vessel. 

In the internal method, the vessel to be tested is filled 
with the gas to a pressure greater than that of the atmo- 
sphere and the gas is thus forced through the leak. The 
leak is detected by passing a probe slowly over the sur- 
face of the vessel. The probe is a tube through which air 
is drawn by a fan; the air is then passed over a detector 
which is sensitive to the gas. In the vicinity of a leak, the 
air drawn through the tube will be contaminated and the 
detector will indicate the presence of gas. 

.In the external method, the vessel is evacuated and the 
detector is inserted in the vacuum system. The probe is 
a small jet of the gas; when it passes over the leak some 
of the gas will enter the system and its presence will be 
indicated by the detector. The differential leak detector 
Operates on this principle. 


PRESSURE 
REDUCING VALVE 





PUMP 










Power 
Supply 





Detector 


Fig. 1. Differential leak detector 
G, G, Vacuum gauges B_ Bridge circuit a Dewar vessel 
T, T. Cold traps C Gas cylinder containing refrigerant 
V_ Leaky vessel J Probe jet t,t, Taps 


Principle of Operation of the Differential Leak Detector 


Fig. 1. illustrates the principle of operation. 

The system is evacuated to as low a pressure as possible, 
and traps 7, and T, are cooled with liquid air. The pres- 
sure in gauges G, and G, should be approximately the same 
since the only pressure difference between them will be that 
causing the flow of gas through 7, and the connecting tubes. 
The bridge circuit B is then balanced and the leak in 
vessel V is searched for with the probe jet J, through which 
is flowing a suitable gas. Calor gas is normally used, 
but any gas having a negligible vapour pressure at the 








* E. M. 1. Engineering Development Ltd. 
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temperature of liquid air could be used. When the probe 
is over the leak, only calor gas will enter the system and 
as a result of this, the differences of pressure in the 
ionization type vacuum gauges G, and G, will change 
and the bridge will become unbalanced. 

Since no air is now entering the system through the 
leak and the calor gas is prevented from reaching gauge 
G, by the trap 7,, the pressure in G, falls, the air previously 
in it being removed by the pump. The pressure changes in 
the first gauge G,, however, are more complex and the 
ion current will change as follows: 


(1) It will decrease since calor gas is denser than air 
and will, therefore, leak in more slowly. 


(2) It will increase or decrease according to whether 
the pumping speed of the trap 7, for calor gas 
is less than, or greater than the pumping speed 
for air at trap 7,, produced by the pump. 

The calor gas reaching the trap is frozen on 
the cold surfaces of the trap and is thus effec- 
tively “removed” from the system. The speed 
at which the calor gas is removed from G, and 
the leaky vessel is the pumping speed of trap T, 
for calor gas. The pumping speed for air at trap 
T,, as produced by the pump, is the speed at 
which the pump removes air from G, and the 
leaky vessel. 


(3) The ion current will also increase because the 
molecules in calor gas are larger than those of air. 


It was found by experiment that the G, reading in- 
creased; thus, when calor gas passes the leak, G, reading 


Fig. 2. Klemperer ionization gauge 
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increases, G, reading decreases, the bridge becomes 
unbalanced and the detector indicates the passage of the 
probe over the leak. 


Development of the Apparatus 
CHOICE OF VACUUM GAUGES 

The choice of gauge is determired by the pressure range 
over which the gauges must operate; this range may ex- 
tend from 10-? to a minimum of 10-*mm Hg. Thus hot 
filament gauges cannot be used since their maximum opera- 
ating pressure is 10°mm Hg. Pirani-type gauges could 
be used, but they are not so sensitive as ionization gauges, 
especially at very low pressures. Therefore, cold-cathode 
ionization gauges are used since they will operate over 
the required pressure range and are reasonably sensitive 
over this range. 

The cold-cathode ionization gauge is a discharge tube 
whose electrode system consists of a cylindrical cathode 
which surrounds an anode rod of tungsten coated with 
uranium oxide. When a high potential is applied to the 


gauss; the coil has the following dimensions. 


Length 82mm. 
Inside diameter 52mm. 
Outside diameter 95mm. 


Resistance 200002 at 20°C. 

Fig. 2. shows a sketch, and the characteristics, of the 
Klemperer type gauges which are used in the differential 
leak detector. The characteristic curves plot the pressure 
of the gas in the ionization chamber against the anode 
voltage when a constant discharge current of 10uA is 
flowing. The Klemperer type of ionization gauge is used 
because, at low pressures, its change of impedance with 
pressure is large. 

These gauges were initially operated in a circuit designed 
to keep the gauge current constant as the pressure in, and 
consequently the impedance of, the gauge changed. Later, 
however, a different circuit was used in which neither the 
current through, nor the potential across, the gauge is 
constant. 
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Fig. 3. First bridge circuit 


electrodes a glow discharge results when the tube is con- 
nected to a vacuum system, and the discharge current 
is a function of the total gas pressure. The discharge 
would normally cease at about 10 microns (1 micron 
= 10°mm Hg) since the mean free path is then too great 
for ionization by gas molecule collision within the dimen- 
sions of the gauge. The tube is therefore placed in a 
powerful magnetic field which is arranged substantially 
at right angles to the electric field so that electrons cannot 
travel directly from the cathede cylinder to the anode, 
but must describe helical paths of considerable length. The 
probability of ionization by collision is therefore very 
greatly increased. Under these conditions appreciable 
ionization currents are produced at pressures so low that 
a discharge would not otherwise occur, because the mean 
free path is very much greater than the dimensions of the 
gauge. 

In the differential leak detector, each gauge is sur- 
rounded by a coil which produces a field intensity of 260 
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BOMBARDMENT OF GAUGES 

New gauges, and gauges which have been exposed to the 
atmosphere for some time, absorb gases, which are slowly 
released when the system to which they are connected is 
evacuated. These gases can be released quickly by bom- 
barding the gauges, i.e., by increasing the, current through 
the gauge and thus raising the electrode temperature to 
red heat by electron bombardment. 

The current required for bombardment is obtained by 
raising the potential across the gauges and the leak detec- 
tor includes circuits for this purpose. 


THE First BRIDGE CIRCUIT 

In this circuit, shown in Fig. 3, the two gauges formed 
two arms of the bridge, which was completed by two 
tetrode c.R.T. guns sealed in.envelopes. These guns main- 
tained the gauge currents at a constant value since their 
anode current is approximately independent of anode 
potential from 500 to 6000 volts. The gauge current is 
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initially adjusted by altering the bias on these tubes. 

A 300V electrostatic voltmeter was used as a detector; 
it was found impracticable to use a more sensitive instru- 
ment since, in the best balance position, the potential 
across the detector fluctuated by about 100 volts. Because 
of these fluctuations the circuit was eventually discarded. 

The bombarding switch A,, A, has to break 6kV at 10mA 
and therefore vacuum switches Type CV.298, were used. 
Two of these were mounted side by side on an ordinary 
relay, in place of the normal contacts. 


First Vacuum SYSTEM 

This system, shown in Fig. 4, was an experimental one 
for preliminary trials in conjunction with the first bridge 
circuit. It consisted of a 14in mercury diffusion pump, a 
“Hyvac” rotary pump, a spherical liquid-air trap T, a 
din bore glass tap, and two gauges with a cylindrical liquid- 
air trap between them. Although the system had a very 
slow pumping speed, it served to check the electrical 
apparatus, and gave an indication of the sensitivity. In 
operation, after the motor pump had been started and a 
few minutes had elapsed, the diffusion pump heater and 
the cooling water to the pump were switched on. The 
controls VR, and VR, on the bridge unit were set to give 
minimum gauge current and the unit was then switched on. 
A microammeter was connected via the jack into G, cir- 
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cuit and VR, was adjusted to give a gauge current of 
10uA. 

The electrostatic voltmeter, 0—6kV, across G., 
measured the potential across the gauge and from the 
reading of the voltmeter, using the calibration curves of 
Fig. 2, the pressure in the gauge was determined. About 
10 minutes after switching on the pump heater, trap T. 
was filled with liquid air and, when the pumps had reduced 
the pressure in G, to about 10‘*mm Hg, the gauges were 
bombarded by closing S, for a few minutes. After this 
bombardment, the trap T, was filled with liquid air. When 
the pressure had reached its limiting value (between 10°° 
and 10°°mm. Hg) the 300 volt electrostatic voltmeter was 
connected to the detector terminals and VR, was adjusted 
to balance the bridge. In the best balance position the 
detector fluctuated continually as mentioned previously. 


SECOND BRIDGE CIRCUIT 

Further development of the first bridge circuit was 
abandoned and a simpler but less sensitive circuit (Fig. 
5) was developed. In this circuit, an external galvano- 
meter connected at jack J is used as the detector. A 
microammeter, M, which can be switched by S, from G, 
circuit to G, circuit, indicates pressure (but is not calibrated 
to read pressure in mm Hg). Table 1 correlates the microam- 


ELECTRONIC ENGINEERING - 438 


meter reading with pressure. This microammeter takes 
the place of the voltmeter V, in the first bridge system, 
VR, is used to set the meter range so that VR, and VR. 
will swing the meter a small amount on either side oj 
full-scale deflexion when S$, is open (i.e., gauges on Open 
circuit). The bridge is balanced for zero galvanometer 
current by adjustment of VR, or VR,. 

To bombard the gauges, S$, must be opened, thus open- 
ing the relay A, contact 1 of which short-circuits the 
microammeter; contacts 3 and 4 short-circuit VR, and VR, 
thus protecting the galvo. Contact 2 connects the 200V 
D.c. supply to §, and S,. When these switches are closed, 
the vacuum switches VS, and VS, close, thus short-cir. 
cuiting the 19M resistors in series with the gauges so 
that the full u.T. is applied across them for bombarding 
purposes. 

This bridge unit was connected to the gauges on the 
pump system of Fig. 4. The leaky vessel was a 4-wire 
pinch, sealed into a glass bottle; the pinch was known 
to have a small leak along one of the wires. The system 
was evacuated and the bridge unit switched on and set 
for maximum sensitivity (see Appendix). The fluctuations 
at balance were of the order of 5 to 10mm of scale length 
on the most sensitive galvanometer range of 100mm/ pA. 

A jet of calor gas was played over the pinch pins and 
after about 10 seconds the bridge balance was disturbed; 
after a further 15 to 20 seconds the deflexion reached a 
maximum of 40 ‘to 50mm. On removal of the gas jet, 








Table I 
| 

CURRENT PRESSURE 
(#A) (mm Hg) 
10 10° 
16:5 10° 
26 10°4 
44-5 | 106 
50 | 4x10° 











the system started to recover slowly, but the original 
balance position was not reached within about half-an-hour. 
After bombarding the gauges and re-balancing the bridge, 
a deflexion was again obtained on applying calor gas. 


SECOND VACUUM SYSTEM 

As the leak in the pinch was one which could not be 
detected with a commercial apparatus the above results 
were thought to be sufficiently promising to justify further 
work. In view of this, a second pump system for use with 
cathode-ray tubes up to 21 inches in diameter was con- 
structed as shown in Figs. 6 and 7. The equipment is so 
designed that the tube under test is surrounded with an 
atmosphere of calor gas in order to determine whether 
the tube contains a leak of sufficient magnitude to be 
detected. If a leak is found during this preliminary test, 
the probe jet is then used to determine the position of 
the leak. 

The cylindrical aluminium gas holder is removable and 
is held down to the base with spring clips. To avoid the 
necessity of making a gas tight seal at the bottom of the 
holder, this is surrounded by a skirt as shown, and thus 
any gas which leaks from beneath the cylinder is trapped 
in the space between it and the skirt and is removed by 
an exhaust fan via four Vents. The exhaust gases from 
the fan are conveyed outside the building by a length of 
3in hose. 

The pump system consists of a 3in diffusion pump, 
a “ Speedivac”” rotary pump and two cold traps. Two mag- 
netically-operated butterfly valves V, and V, are also in- 
cluded in the system; they are opened to allow the system 
to be evacuated, and are closed for leak detection. The 
valves increase the detector sensitivity by cutting down 
the pumping speed and causing the gas to “pile up” in 
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the gauges. When the valves are completely closed the 
pumping aperture is a 1/32in annular gap between the 
fixed and moving vanes of the valve. 

On completion of the test, the calor gas is released from 
the cylinder by raising valve V3. 

The sensitivity of the new system was checked using 
the same leak as before. The leak was found to be only 
just detectable, thus showing that this system is less sensi- 
tive than the original one. 


Conclusions 

The apparatus has been used to detect leaks in various 
types of cathode-ray tubes, with reasonable success. Leaks 
of sufficient magnitude to cause the pressure in a 10-in tube 
to rise between 10° and 10°mm Hg within a week of 
manufacture can be detected in nearly all cases. From this 
it would appear that the detector will locate leaks of the 
order of 1 to 0-1 micron-litres/hour. 

The sensitivity could be increased if the cause of the 
fluctuations in the detector could be found and removed. 
There are at least two possible causes. One is fluctuations 


100kQ 


this article and Messrs. R. H. Colborne, L. A. Woodbridge, 
W. J. Hoskin and R. E. Smith for their assistance. 


APPENDIX 


INSTRUCTIONS For USE OF THE DIFFERENTIAL LEAK 
DETECTOR 


The following instructions should be read with reference 
to Figs. 5, 6 and 7. 

Seal the suspected leaky tube to pump. Close glass tap (t, 
Fig. 7) connecting the vacuum pump to the outer air and 
then open the butterfly valves. Switch on vacuum pump 
and, when a suitably low pressure is obtained, turn on 
the water supply to the diffusion pump and switch on its 
heater. Ten minutes later, fill the pump trap 7, with 
liquid air. After a further five minutes fill T,. Check 
that the gauges are connected to the bridge unit then 
switch on the bridge unit (switch S,). If the galvano- 
meter is in circuit, switch it to its least sensitive range, 
then switch S, on, leaving VR, at its minimum position. 
Set S. in position B. Turn VR, and VR, to maximum 
resistance, then adjust VR, so that the  micro- 
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Fig. 5. Second bridge circuit 


in the pumping speed of the diffusion pump; the effect of 
these could be determined by operating two similar gauges 
in an evacuated, sealed-off system in which pressure con- 
ditions are static. If the fluctuations are reduced under 
these conditions it may safely be concluded that pumping 
speed fluctuations are at least a partial cause of the trouble. 
These effects may possibly be reduced by incorporating 
a large reservoir between the diffusion pump and the 
ionization gauge G*. The other possible cause of these 
fluctuations is the inherent instability of a cold cathode 
ionization tube at low pressure. This could possibly be 
reduced by activating the gauges with a more powerful 
radio-active source than the uranium oxide which is used 
at present. 

If the fluctuations could be removed, then a D.c. 
amplifier could be used in the bridge circuit and the sen- 
sitivity considerably increased. 
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ammeter reads 49uA. Set S, to position a adjust VR, 
to give a meter reading of 50uA, similarly with S, in 
position B adjust VR,. Return S, to position a. The 
microammeter now indicates pressure in gauges | or 2 
according to whether S, is in position A or B. 

To bombard the gauges, switch S, off and press the 
spring-biased toggle switches §, and S, one at a time. 
(If both gauges are bombarded at the same time the trans- 
former and rectifier valves may be overloaded.) The gauges 
should not be bombarded until the pressure is such that 
the microammeter reading is greater than 15yA. 

The system should be left pumping for at least one hour 
to allow the pressure to stabilize at its minimum value, 
before attempting to locate leaks. 


Location of Leaks 

Close both butterfly valves and switch the galvanometer 
to its least sensitive range and connect it via the jack plug. 
Set VR, and VR, with the sliders at the top position, then 
balance circuit for zero galvanometer current by altering 
either VR, or VR;. (Greatest sensitivity is obtained when 
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one of these controls is at its upper position. Set 
galvanometer to its most sensitive range (1uA F.S.D.) and 
adjust VR, to zero for maximum sensitivity, readjust balance 
if necessary. 
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The system is now set to maximum sensitivity and is 
ready for leak detection. Note that the bridge balance 
may drift slowly and it may also fluctuate (about + 0-05uA) 
about its mean position. These fluctuations cannot be 


Cheaper Industrial Television 


Production is announced by Marconi’s Wireless Telegraph 
Co. Ltd. of a new Industrial Television Equipment which is 
smaller, lighter and cheaper than any other at present available 
in this country. ; 

The new camera measures only 5}4in by 4in by 11jin. Some 
idea of the miniaturization achieved maybe gauged from a 
comparison of weights with an average studio camera. The 
latter averages about 140lb. The Marconi Industrial TV camera 
weighs 44lb only. 

Of equal importance is its simplicity of operation. The 
camera itself houses only the tube, three valves and associated 
components, so that the likelihood of faults is reduced to a 
minimum. After initial setting-up it works unattended, simple 
control being effected from the remote control point. 

The camera is merely set up to view a desired scene. The 
picture signals are fed by a cable to a control unit, and thence 
to a monitor screen, or screens, up to a distance of 2 000ft 
away from the picture-source. 

In this way, for example, a continuous watch may be kept, 
from a central contro]! office, on various instruments located in 
widely separated points of a factory. Boiler-gauges, thermo- 
meters, revolution counters and power control-board meters, 
may now all be monitored from one place, with consequent 
economy of man-power. The checking of water-levels and 
fiow-meters in hydro-electric projects can similarly be carried 
out, 
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eliminated but the steady drift will slow down and even. 
tually cease when the system settles down. This may, 
however, take about 3 or 4 hours. 

Leaks are located by probing suspected parts of the 
tube with a fine jet of calor gas. This probe should be 
moved slowly as the response time of the detector cir- 
cuit is of the order of 5 to 10 seconds. When the jet 
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Fig. 7. Leak detector (gas holder removed) 


passes over a leak the galvo will be deflected in the 
opposite direction to the steady drift. After a deflexion 
has been obtained and the probe jet has been removed, 
the deflexion should slowly return to zero. The gauges 
should be bombarded and, if necessary, the balance reset 
before continuing the search for further leaks or checking 
leaks already located. 


Many industrial processes which have hitherto been too 
dangerous to view at close quarters may now be subjected to 
minute scrutiny. Innumerable applications suggest themselves; 
tests-to-destruction, the study of the combustion conditions in 
a boiler, or even assessment of the amount of smoke coming 
from a factory chimney can now all be viewed from the security 
of a remote point. 

The equipment comprises two units, the Camera and the 
Control Unit, which are used with the required number of 
monitors. 


The Camera 


A Vidicon pick-up tute is employed, the signal from which 
is capacity-coupled to a three-stage video amplifier and thence 
fed to a mixer stage. In this circuit the outputs of the vision 
and sync. pulse circuits are combined, and the resultant signal 
further amplified. This combined signal is then fed through a 
sync. clipper stage which keeps the horizontal and_ vertical 
sync. pulses equal in amplitude regardless of varying signal 
conditions, thereby maintaining stable monitor synchronization. 


The Control Unit 


This contains the horizontal and vertical deflexion circuits 
for the pick-up tube, and a circuit which prevents burning of 
the video target coating in the event of scanning failure. In 
addition, it includes circuits for providing the necessary wave- 
forms for vertical scan, horizontal scan, vertical and horizontal 
blanking and sync. pulses. 
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A Nomogram for Hartree’s Threshold Voltage Criterion for Magnetrons 


By J. D. Harmer*, B.Sc. 


Hartree’s threshold voltage criterion is used to predict the operating conditions or identify from test 
results the mode of operation of a cylindrical multi-resonator magnetron, A nomogram for this criterion 
is presented. It includes a scale giving the upper limit to the electronic efficiency of the magnetron. 








tat iat threshold voltage criterion’ for cylindrical 
multi-resonator magnetrons can be conveniently written 
in the practical form’** 


fnd.Bf oH 
Vi = 10100 (r,/nady * 10-7. {! — (re/ ra)’ i =e yt eee (1) 
where r, is the anode radius (cm), 
r. is the cathode radius (cm), 
B is the magnetic field strength (kG), 
\ is the oscillator free space wavelength (cm), 
n is the mode number of the oscillation in the anode 
resonators, 
V. is the threshold voltage, below which the given 
oscillation cannot occur (kV). 


on the other two scales are related by Hull’s cut-off criterion 
for cylindrical magnetrons, 
Vi= 221 i Py EP [1 . (re/ ra) }’ piguseewenesivacees (3) 

SCALING 

The scales of the nomogram can be adjusted to cover other 
ranges by multiplying all values by suitable factors. If all 
scale values of nd are divided by x, then those of V:/r.’ must 
be multiplied by x*, and of B(1—(re/ra)’) multiplied by x to 
maintain equation (1). The values of electronic efficiency are 
unchanged, 


Note: If the straight-edge in- 
tersects the nA scale at two points, 
the larger value of nA is taken. 


a{i-()?} 


(kilogouss) Pi 4 


_ This criterion is used either to predict the operating condi- 
tions of a new design of magnetron, or to identify the mode 
of operation of a magnetron from test measurements of its 
magnetic field strength, operating voltage, and wavelength, 

Another factor, also concerning the variables in equation 
(1) which is of importance when designing a magnetron, is 
the upper limit to the electronic efficiency, 7, given by'* 


Pe eee LU (N70 © 7 a (2) 


The Nomogram 


The nomogram comprises three scales representing V¢/ra’. 
B(1—(r./ra)’) and nd, arranged so that a straight edge inter- 
Sects them at values given by equation (1). Each scale is 
marked with two ranges of figures; the left-hand range is 
suitable for magnetrons operating in the 3cm band, the right- 
hand range for magnetrons in the 10cm band. 

The upper limit to electronic efficiency (given in equation 
(2)) can be derived from the nomogram by noting the curve 
of constant efficiency (7.) to which the straight edge is 
tangential. 

* When the straight edge is tangential to the scale for nA, the 
electronic efficiency 7. is zero, and the corresponding values 
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Example 


A magnetron in which ra=1'Scem and re = 1:0cm_ is 
observed to operate at V.=25kV with a magnetic field strength 
of B = 1:‘5kG. The wavelength of the r.F. oscillation is \ = 
9cm. What is the mode number of the oscillation in the anode 
resonators, and what is the upper limit to the electronic 
efficiency when the magnetron operates in this mode ? 

From the above data, calculate V;/r.2= 11:1 and 
B(1—(re/ra)*) = 0°835. Lay a straight edge through the nomo- 
gram scales intersecting them at these points (given by the 
right-hand scale ranges). Read the value, from the right-hand 
scale range of nA, which gives nA = 54. Since we know that 
A = 9, then n = 6, i.e. the mode number of the oscillation is 6. 

The straight edge does not quite touch the curve marked 
70 per cent, and the upper limit to the electronic efficiency, 
Ne, is therefore estimated to be 69 per cent. 
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A Large Magnetically-Deflected Oscilloscope 


By P. E. K. Donaldson*, M.A. 


A large-screen oscilloscope was required for demonstrating biological electrical phenomena—such 
as nerve action potentials—in a large lecture theatre. The instrument was to act as a “slave” to 
a Cossor type 1049 oscilloscope—which would be operated by the lecturer—so that the trace 
would be similar in appearance to that on the screen of the 1049 oscilloscope and as near a copy 
of it as conveniently possible. The slave time-base was to follow the master time-base over at least 
the range 150msec to Smsec, and if possible should handle the }sec and \}msec trace lengths as 
well. The Y deflexion should be able to handle the transients occurring in biological work without 
appreciable lag or overshoot; D.c. coupling was considered unnecessary, but the time-constant should 
be kept reasonably long. 


ROM the outset it seemed that within the none too strin- 
F gent specification given above there lay a very good case 
for employing, if possible, magnetic focusing and deflexion 
using a television type of cathode-ray tube, television 
deflexion assembly, and so on. On the scores of cheapness, 
ease of obtaining replacements, the possibility of using 
non-lethal £.H.T., the convenient physical shortness of the 
magnetic type of tube, and the interest which lay in depart- 
ing from conventional ocilloscope practice, it was decided 
to proceed with development of the magnetic instrument. 


The expected difficulties were those of (1) securing a 
linear relation between the signal and sawtooth waveforms 
derived from the master oscilloscope, and the currents flow- 
ing in the appropriate deflector coils, and (2) getting a 
linear relation between deflector coil current and spot 
movement produced. It was felt that (2) was best solved 
by using a modern’ Ferroxcube-cored wide-angle 
deflexion assembly. It seemed that (1) was best attacked 
by, in the case of the time-base, a straightforward two- 
stage RC coupled amplifier with heavy current feedback, 
the amplifier and the feedback to be operative over as 
wide a frequency range as possible. In the case of the 
Y deflexion circuits, the difficulty was what to do about the 
considerable back E.M.F. which is liable to be generated 
across the deflector coil when handling a big step-function, 
for example. If this back £.M.F. is allowed to react back 
on, and upset, the working conditions of the valve or valves 
driving the deflector coil, there is clearly going to be dis- 
tortion. Part of the solution is to put the coil in the 
anode circuit of a pentode, the anode current of which will 
be fairly independent of the back E.M.F. provided the latter 
is not allowed to become too large. 


Since the deflecting field due to the coil depends on the 
product of current and turns, whereas the back E.M.F. 
depends, roughly, on the product of current and turns 
squared, it is better to keep the number of turns down and 
to supply a large current. Thus a low-impedance winding 
is indicated, which is convenient as being much easier to 
wind, and the problem is then how to supply the large 
current. A step-down transformer even if it could be de- 
signed would not solve the difficulty because the small 
deflector coil impedance would be reflected into the 
primary circuit as a large one. It was therefore decided to 
use ‘ brute force’ and supply the current direct from large 
valves. The power consumption will then be heavy, but 
can be minimized by using two valves in push-pull, and 
biasing them as far into class B as is compatible with 
getting the resulting two halves of the trace to fit together 
properly. 

Preliminary experiments with a Mullard 17in_rect- 
angular tube, a “Duomag Focalizer”, and an Allen 
D.C. 300/C defiexion assembly were encouraging. Despite 
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an E.H.T. of only 11kV—3kV less than that recommended 
—a bright and well-focused spot was secured. With the 
Allen yoke turned through a right-angle so as to use 
the line coils for Y deflexion and the frame windings for 
the time-base, an alternating current of 100mA R.M.S. in the 
line coil deflected the spot from top to bottom of the 
screen, and about 110mA deflected it from one extreme 
edge to the other. 

The Cossor 1049 oscilloscope is a convenient one for 
acting as a master, as the connexions to its X, and Y, 
plates are brought to a terminal board situated behind a 
small sliding panel. It is thus very easy to bring out the 
required time-base and signal potentials and, provided these 
are not led into too low an impedance, with remarkably 
little effect on the master trace. Screened cable is used for 
the signal, but ordinary flex has been quite satisfactory for 
the time-base. The wires are 6 ft. long. 


The Complete Instrument 


THE E.H.T. SUPPLY 

This uses a unit supplied as a spare part for an Ultra 
television receiver having a line transformer with flyback 
E.H.T. winding, rectifier valve and smoothing components 
packed together in an insulating case. This is re-arranged 
as a self oscillator with a Mazda 6P28 beam tetrode and 
produces some 11kV. Some trouble has been experienced 
with corona, and no attempt has been made to secure a 
higher voltage than this. 


THE DEFLEXION AMPLIFIER 

An R.M.S. current of 100mA means about 280mA peak- 
to-peak, and this swing has to be supplied by each valve. 
Mullard EL37’s have proved quite satisfactory, and although 
they are run at their maximum rating, there has been no 
falling-off in performance of the instrument in a year’s use. 
The standing current is adjusted to 60mA, and under these 
conditions there is no visible cross-over distortion, and the 
anode dissipation per valve is 24 watts. At peak deflexion 
this rises to over 100 watts for one valve and is, of course, 
zero for the other. Fortunately, with the low-energy wave- 
forms associated with biological recording, this state of 
affairs holds for only a small proportion of the time. In any 
case, the valves are protected by deliberately poor regula- 
tion in the H.T. supply (the 5000 resistor); should the instru- 
ment be required to display a high-energy waveform such 
as a large sine or square wave, all that happens is that it 
becomes impossible to use the full height of the screen, as 
the wave undergoes clipping as the gain control is advanced. 
The signal input is taken via a blocking capacitor (in 
general the signal leaves the master oscilloscope at 325 
volts above earth) to the gain control. The value chosen 
is a compromise; if a higher resistance is used, there 
is trouble from loss of high frequencies and phase shift 
when the gain is lowered. If a lower value is 
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employed the frequency re- 
sponse is excellent, but there is 
severe loading of the 1049 
oscilloscope. Where excep- 
tional high-frequency __ re- 
sponse is required it is 
intended that the spare half 
of the 6SN7 be arranged as 
a cathode-follower between 
input terminal and a low- 
resistance potentiometer. For 
our purposes, this has not 
been necessary. Some kind 
of gain control is ‘necessary, 
otherwise a picture which fits 
nicely into the screen of the 
master screen undergoes severe 
“lopping” by going off the 
top and bottom of the slave 
screen. On the other hand 
there are times when it is 
quite useful to have the excess 
amplification. The deflexion 
sensitivity of the slave alone 
is about 70 volts peak-to-peak 
to fill the whole screen. 


Since the two coils of the 
line winding have their 
centre-tap brought out, it was 
originally hoped to take this 
to H.T. and to take the 
“outers” to the EL37 
anodes. When this scheme 
was tried, it was found un- 
satisfactory because in the 
case of a train of, say, 
positive-going pips, since the 
valves are in class B, only 
one is operative. The 
deflecting field is therefore 
produced by one coil only 
instead of two, with the 
result that it is not uniform. 
There is thus a variation in 
deflexion sensitivity along 
the trace. It is therefore 
necessary to replace each line 
coil with two others which, 
together, have the same 
number of turns, and con- 
nect them as shown in the 
circuit diagram. Two wind- 
ings of 75 turns each of 
26 s.w.G. enamelled wire go 
to form each new coil. They 
should be scramble wound 
on a flat former, taped, bent 
into shape, and fitted into 
the yoke. 

The response of the Y 
deflexion circuits to a step- 
function can be varied from 
Vigorous ringing to a very 
sluggish follow-up according 
fo the amount of resistance 
shunted across each half of 
the deflector coil. The opti- 
mum damping resistance is 
best discovered by trial and 
error; the value of 1:2kQ 
used here provides just about 
critical damping. 
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THE TIME-BASE AMPLIFIER 

The circuit of this is quite straightforward, and 
uses another EL37 valve in a_ single-ended  out- 
put stage. This gives a peak-to-peak output of the 
order of {!0mA, and as the existing frame winding 
on the deflexion yoke requires over 300mA peak-to-peak, 
it is necessary to take it out and replace it with one having 
three times as many turns. Each of the two new 
coils should comprise 1000 turns of 36 S.W.. 
enamelled wire. After taping up, some care is 
necessary with these coils to avoid breakage during the 
bending-up and fitting process. 

The only components in the circuit requiring any 
explanation are the 47k) resistor between the cathode of 
the EF37 and the bottom of the “sweep amplitude” pre- 
set potentiometer, and the associated 16uF capacitor. 
Were it not for the X shift control the bottom of 
the “sweep amplitude” potentiometer could be earthed. 
But the shift current flows down the 150 ohm feedback 
resistor and produces a voltage drop across it, so that the 
average cathode potential of the EF37 is not earth but 
anything up to 10 volts positive. This cuts off the valve 
unless the grid return is also taken to the average cathode 
potential. It is the function of the 47kQ and the 16uF to 
do this averaging. 


THE X SHIFT CONTROL 

When the master oscilloscope is set to “repetitive” time- 
base, the charge on the bank of four 32uF capacitors 
automatically adjusts itself so that there is an equal peak 
current flowing in the deflector coil in each direction, and 
the trace sits symmetrically on the face of the screen. But 
on changing over to triggered operation, when the sweep 
time is probably much shorter than the interval between 
sweeps, the bank of capacitors has time to discharge, with 
the result that the spot sweeps from somewhere near the 
middle of the screen to somewhere off the screen to the 
right. It is therefore necessary to supply a standing shift 
current of anything between zero and that required to 
deflect the spot halfway across the screen, some 60mA. 
Furthermore, the current must come from a source having 


a high enough impedance not to absorb too much power 
from the time-base output. 

These requirements are satisfactorily met with the simple 
arrangement shown, in which the shift current can be 
varied in 12 steps, the switched resistors being chosen so 
that all the steps produce roughly equal amounts of X 
shift. 


POWER SUPPLIES ; 

The current consumption of the apparatus is heavy— 
about 450mA at 500V. This is rather beyond the capacity 
of easily-obtained transformers and chokes, and, further- 
more, it ought to be stabilized to prevent coupling through 
the power pack of the four functions; shift, Y deflexion, 
time-base, and brightness (£.H.T.). In particular, the E.H.T, 
generator is very sensitive to changes in H.T., and it is 
tiresome to have the trace brilliance fall away when a 
large signal input causes the Y-deflexion output valves to 
decrease the H.T. : 

Both difficulties are circumvented by having two smaller 
independent power packs, one rated at 300mA and the 
other at 150mA, the former supplying Y-deflexion and 
shift current, and the other the E.H.T. generator and time- 
base amplifier. 

In addition there is a small third power pack for pro- 
viding the fixed bias. It employs an indirectly heated 
rectifier valve, so that after switching the apparatus on 
(energizing all three transformers) there is a delay while 
the valve heaters warm up. Then, if all is well with the 
bias, the P.O. relay closes and brings on the main H.T. 
supplies. In this way there are no surges of H.T., hence 
many of the decoupling and other capacitors can be rated 
for lower voltages. There is also a measure of protection 
for valves and cathode-ray tube. 


Conclusion 

The instrument fulfils the requirements laid down, and 
has been kept simple. The time-base does not depart 
noticeably from linearity, and the rise-time on step 
function of the Y deflexion is less than 10 microseconds. 
The simplicity and operational efficiency have been 
obtained at the cost of rather low power efficiency, but 
this is not felt to be any great disadvantage. 





New Null Transmission Networks 


By E. M. Reid* 


Three new frequency sensitive null networks are shown and the operating conditions determined. 

Two employ CR sections, and their relative merits are discussed in terms of the off-null output 

voltages. The third introduces a non-linear element into the network and one application is 
suggested. 


REQUENCYY sensitive null or minimum transmission 

networks, using CR sections, are widely used in oscil- 
lators and selective amplifiers. In the exact null condition, 
however, the fundamental component of the source is 
entirely removed by the network and the output voltage 
consists of the harmonic, intermodulation, hum, noise and 
fiutter effects which may be present in the squrce. For 
this application, the network should be capable of infinite 
rejection at one frequency, and have a low transfer ratio 
E/V., at all other frequencits. 


Tapered Sections 

It can be shown that the output voltage from two 
tapered-L sections is slightly larger than from two similar 
sections. It was anticipated that a null network, using 


* W. H. Sullivan, Ltd. 
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tapered sections, would have rather higher off-null output 
than one with identical sections. The disadvantages of a 
high output impedance from the last section can be over- 
come by using a cathode-follower (Fig. 1). 


Fig. 1. A 4-terminal tapered network in a balanced, constant impedance 
system 
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Balanced Null Network 
In Fig. 2, the “bolted” lattice (or “egg-timer ”) 
arrangement is shown. Each element of the first section, 
R and Z, is shunted by the tapered-L section so that the 
output voltage: 
P= 1.7 = DR tne 6. sk ee (1) 
where 7 is the taper value, and is > 1. 
Using the normal 3-mesh analysis and solving for Vo, 
(n? — 1)R? + n°Z* 4 @ 
* Pr + 1XR + Z) -— (n + DR aZ*T ) 
from which the null condition, Vo=0, is when (n?— 1)R*= 
_nz?. Also, if R/Z = jwCR = jx, then R’/Z*? = -—x° 
and the null value, 
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Fig. 2. The ‘“‘bolted” lattice network 


If Z is a capacitor of 0-100 pF, and R=5-55kQ, with n=10, then the 
null occurs at 286c/s. 











Fig. 3. Showing the locus of the output voltage vector-head 


Thus with a taper value of 10 or more, x. = 1 to within 
1 per cent, or: 


1 
Coal ,) Ce (4) 
At null, the network is reasonably balanced with respect 
to the centre “ bolt ”, and the input and output impedances 
being 1:-4R Z—45° and 1-4nR 2—45° approximately. 





OFF NuLL CONDITIONS 


The response of the network at any other frequency is 
shown by equation (2), which may be simplified if n > 1, 
so that: 

1 


=a + j 2x/(1—x?) 
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and the locus of the vector head, over a wide frequency 
range above and below null, is a circle of diameter E cut- 
ting the origin at the null frequency when x = 1 (Fig. 3). 
The normalized transfer ratio E/V. for the network is 
given in Fig. 4, together with the results obtained in a 
practical network when n = 10. 


CONCLUSIONS 

The practical figures fall slightly below the predicted 
response curve from the simplified equation (5). Never- 
theless, the off-null response shows a second harmonic 
factor of 0:6 (—4:5db) as compared with 0°35 for the 
parallel-7, or 0-14 for the Wien bridge network. 


The Variable-T 

A null network should be easily adjustable to the 
required frequency. The variable-T network (Fig. 5) has 
two phase-lagging or low-pass RC sections in parallel with 
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Fig. 4. Normalized response of network No. 1 compared with existing 
null networks 
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bi 
Fig. 5. The variable-T. 


If R=12kQ, C=0-25uF, n=10, the frequency range is 15 to 75e/s. 
‘maller capacitors may be switched in.to extend the range to \Ske/s. 











two leading, or high-pass CR sections. The input potentio- 
meter controls relative magnitudes and phases of the two 
voltages acting in the output loop. The output potentio- 
meter adjusts the magnitudes to equality without affecting 
the angles. 

In a simplified proof, n> 1, the open-circuit voltage 
across nZ, (lower section): 
———_—— = 1 a 
1 — x°(1 + a/R) + jx(2 + a/R) © 
and, since b = R—a, the open-circuit across nR (upper 


Vaz = E ee (6) 
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section): 
—_ 
Va = E a a a ee OE ee 7 
. 1 + x*(a/R — 2) + jx(3 — a/R) 7) 
If these voltages are equal and opposite, Voz = — Vuk, 
equating real and imaginary terms: 
rhe (ee oe og Ge Gs cae Ge Of lt —— a [ere (8) 
and 
ae 3 BF oc den (9) 


and thus x* = 1, or x = | and a/R = 0°5. 
In the output loop d=c for V. = 0. 


The mid-band null conditions occur in the mid positions 
of both potentiometers at a frequency f, = 1/27CR. 
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Fig. 6. Locus of Vo = 4 (Vnz + Vnr) showing the reduced response due 
to the frequency control potentiometers 
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Fig. 7. The mutual-T. 


1=4-5H., r and R are 50kQ to cover 20 to 
i c/s. 


If L,=1-5H. M=9H., 


FREQUENCY RESPONSE 


Some indication of the response at other frequencies is 
given in Fig. 6. This assumes the network conditions 
previously derived, with a constant voltage variable fre- 
quency source. In the lower section, the lower semi-circle, 
of diameter E, represents the locus of the voltage across 
Z at all frequencies. Using equations (6) and (7) Vaz and 
Vor have been plotted. These two rotate 7/2 rad. apart, 
and the output voltage is half the sum, if the impedance 
looking back, in both cases, is neglected. 

This output voltage locus diagram shows lower off-null 
outputs than the previous network, especially at the higher 
frequencies (x > 1). 


Mutual-T Network 


The null method of analysis can include the harmonic 
distortion products produced by the network itself. In 


ELECTRONIC ENGINEERING 





446 


Fig. 7, the low frequency iron distortion of the transformer 
T produces a large 3"! harmonic component in the output 
of the network at the null frequency. This type of distor- 
tion is a function of frequency and of the input power 
level, and limits the useful range of a transformer. 

As an example, an output transformer with a flat 
frequency response from 10c/s to 10kc/s may handle the 
rated power output without introducing distortion only 
above 50c/s. The maximum undistorted power at 10c/s 
may be as low as 1/10" of the rated value. The mutual-T 
network can be used to investigate this effect. 

The transformer L,, M, R, is an integral part of the net. 
work, and is used with an air-cored inductor, /, and the two 
frequency controls, r and R. 


NULL CONDITIONS 
The solution for V, may be expressed in the form, 
o=E M,,2/D 
where Z is the termination, D the determinant of the net- 


work, and M,, the minor. The null occurs when V, = 0 = 
M,;, Or 
—(r + jwl)(R +R, + jwL,) = joMR 
and if M itself is made negative, by suitably connecting the 
transformer windings, the two null equations become: 
r(R + R.) = w'l L. EN Se ee 

and 

(R + R.) = MR — L,r (11) 
Normally R, is small compared with R, except perhaps at 
the lowest null frequency; with this simplification the equa- 
tion for the null frequency becomes: 


w? = rR/IL, 
and the ratio of the variables, 


M-I 
ie 


These show that the two variables, r and R are dependent 
frequency controls, and that the frequency scales on both 
will be linear. Also, the mutual inductance must always 
be greater than the fixed inductor, /, although it can be 
shown that the off-null response is proportional to /. 


r/R = 


RESPONSE CURVE 


This is a function of the transformer constants, and a 
typical response is similar to that of the Wien bridge net- 
work, shown in Fig. 2. The response curve is reasonably 
constant over a wide range of null frequencies, and thus a 
fixed harmonic factor might be used with a given network. 
It may, however, be more accurate to consider that the 
self generated distortion products are produced in the L, 
winding of the transformer, and are present at the output 
without further attenuation. As with other networks, the 
maximum output voltage at any frequency occurs when the 
output terminals are effectively open-circuited. 


Summary 


Three null networks have been given, and the null con- 
ditions derived. 

The balanced form has largest off-null outputs, but can- 
not easily be adjustable over a range of frequencies. The 
variable-T network is more convenient in practice although 
the shape of the response varies slightly over the frequency 
range. This can be a slight advantage in cases where the 
unwanted components are lower than the source, for 
example hum, or flutter. One application of the mutual-T 
network for transformer testing has been shown. 
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The Voltage Ratio and 


Output Impedance of a 


Ladder Network Composed of n° Similar Elements 


By T. S. Fox*, B.Sc., and K. R. Sturley*, Ph.D., M.LE.E. 


HE complex voltage ratio and output impedance of a 
T ladder network with a finite number of sections may 
be calculated by using Kirchhoff’s Laws‘, but the method 
is tedious. Analysis of the voltage ratio or attenuation, 
A, due to n similar elements of a ladder network connected 
to a generator of internal impedance, Z,, shows that a com- 
paratively simple expression for An can be developed. 
For the first section (Fig. 1), the attenuation and output 
impedance are: 





Z 
= a ene (1) 
- 7+ 2, +2 
Zale, + 2a) 
== = Zl — Ay) vevades pi 
Loi Z nS Zz. me ia A ) ( ) 
4 LL: 





ol 
A, Voits 


i 


Fig. 1. First section of a ladder network 





The addition of a second section gives with the aid of 
Thévenin’s Theorem (Fig. 2): 





me roa a (3) 
” 2e+2e + Zu” 2 - AD +z, 
ZhZ. + Zu) _ — 
24 = Pert? 2, [1-72 | 
So (Lee. 591/19) aa Re AR nee ar (4) 











Fig. 2. Second section with the Thévenin equivalent of the first section 


Repeating the procedure for a third section we have: 








. es AZ. 
A, = = 
‘“Seack. €0-4145:0 
RENE “Sen (6) 


Examination of equations (5) and (6) indicates the form 
of the general expressions; thus for n sections: 


x ha. Z, — 
” Sia + Ad + 2, 





and 
Zon ae 2 (1 = An/An-_,) 
If expression (7a) is inverted we have: 
(2 + Z,/Z.) 1/An = 1/An. — 1/An_, 
and replacing 1/An by dn, etc., and (2 + Z,/Z,) by B (a 


constant for a given ladder network) gives the result in a 
much more manageable form: 


an = Bay, ee An_»2 


ee ee oe ee ee 
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The reciprocal attenuation of up to 6 sections is calcu- 


lated by successive applications of expression (7b), thus: 
Q=4 
a, = Ba, — 1 
a, = B’a, — B-— a, 
a, = B’a, - B’ — B2a, + 1 
a; = Bta, — B* — B’3a, + B2 + a, 


a, = B’a, — B* — B*4a, + B’3 + B3a, - 1 
An example of the use of this method is to be found in 
the solution for the oscillatory condition in a CR oscillator. 
Thus for a 3-section oscillator (Fig. 3) having Z, = —j/wC 
= —jX, Z, = R and Z, = Ro, the output resistance of the 
valve, i.e., the parallel combination of r, and Ra: 


B=2-jX/R=2- jQ 
where Q = X/R=1/wCR 


mm) HT. + 


aaa 


Fig. 3. A three-stage CR oscillator 


@ EE 


Fig. 4. Equivalent circuit for the three-stage oscillator 

















R-jX + Ro 


and a, = R 


=1+P — jQ 


where P = R,/R. 
Then a, = B’a, — B-a, 

= (2- jQ*(1+P-jQ — (2-jQ-+P-i® 
(3 — Q’ — 4jQ)(1 + P — jQ) — 2 + jQ 
(3 —Q?)(1 + P) — 4Q? — 2 —jQ(4(1 + P) +2 —Q’] 
(9) 


The condition for oscillation is a zero imaginary term, 





ie: Q=1/eCR = V(4@P+6)........ (10) 
1 
whence f = isCRV4P460 °° (11) 
Substituting Q in equation (9): 
a, = —[29 + P(4P + 23)] ........ (12) 


The negative sign indicates phase reversal. 


It is worth noting in connexion with equation (12) that 
variation of P not only varies a,, but also varies the gain 
of the valve. The equivalent circuit is that of Fig. 4 and 
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increase of R, increases Ro, the voltage output of the valve, 
and the attenuation. 


Amplification of valve unshunted by CR network 


= gmRo 
= 2nPR 
The condition for oscillation is: 
2uPR = —a, 
aa BS | ad Sed | (13) 
A suitable valve must therefore have: 
gm = (29/P + 4P + 23)/R ........ (13a) 


For a given value of R the lowest g» is found by differen- 
tiating and equating to zero: 


dgm/dP = (- 29/P? + 4)/R ............ (14) 
i Poptimum == V (29 /4) = 2-69 Terern eee eT ee (15) 
Substituting in equation (13a): 
8m = (29V (4/29) + 4V (29/4) + 23)/R 
eG eo kG ass his oa ews (16) 


in designing a 3-stage RC oscillator the following proce- 
dure may be followed, when using a valve of known 
constants: 





(a) Determine R from equation (16), 

(b) Find R, = 2°69R, 

(c) Since R, and r, are known, Ra may be calculated from 
R, — Ree 

ei Ra t+ Pa 

(d) Determine C from equation (11) 

(Putting Poptimum in (11) gives f = 1/26-6CR) 

The method can be applied to oscillators with more 
sections, though the calculations are more complicated, 
Thus for a 5-section oscillator: 

Q’ = (4P + 14) + VIP + 14)? — (20P + 15)] 
the two possible solutions represent phase shifts of 180° 
and 360°. The lower value for Q’® (the higher frequency) 
represents the oscillatory 180° condition. 

The attenuation is: 

a; = 1 + SP — Q?(35 + 21P) + Q*(9 + P). 
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A Simple Direct Reading Thermistor Bridge 


By D. C. Cooper*, B.Sc. 


A large number of widely differing circuits have been developed for use with thermsitors in the 


measurement of microwave power. 


This article describes the design of a simple circuit which 


gives a direct reading of power and does not require calibrating. 


HE large negative temperature coefficient of resistance 

of the thermistor makes it very suitable for use as the 
power sensitive element in a microwave power measur- 
ing instrument. The thermistor is almost invariably asso- 
ciated with some type of bridge circuit which is supplied 
with an adjustable current for the purpose of obtaining a 
balance. The portion of this current which flows in the 
thermistor is generally termed the “ bias current” and the 
power which is dissipated in the thermistor the “ bias 
power ”. 

Since the resistance of the thermistor is a function of the 
total power dissipated in it, the application of microwave 
power to the thermistor element will cause the bridge circuit 
to become unbalanced and the methods for obtaining the 
value of the microwave power from this unbalance fall 
into two main groups. 

The first group contains the circuits in which the balance 
is restored either manually or automatically by adjustment 
of the bias power, and the change in bias power is then 
used as an indication of the microwave power. Low 
frequency or direct currents are used to supply the bias 
power and the change of bias power made to restore 
balance can therefore be measured by conventional 
methods. Direct substitution of microwave power for bias 
power is desirable in order that the measured change in 
bias power will be equal to the microwave power. The 
bead type thermistor has been developed to give this one 
to one correspondence, this being achieved by making the 
bead of such small dimensions that it is uniformly heated 
by currents at microwave frequencies. 

It should be noted that with the above method of 
measurement the resistance-temperature-power charac- 
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terestic of the thermistor does not enter into the result 
since the thermistor is operated at only one power level. 

Circuits in which the unbalance of the bridge is used 
as an indication of microwave power form the second 
group. The indication is a function of the resistance-tem- 
perature-power characteristic of the thermistor, and since 
thermistors are not generally reproducible to the required 
extent some selection of thermistors may be necessary. 

The circuit described in this article is a direct current 
bridge belonging to the first group and is therefore not 
dependent, for its indication, on the characteristics of the 
thermistor. 


A Simple System 


The basis of the circuit to be described is the simple 
direct current Wheatstone bridge shown in Fig. I(a). The 
thermistor element forms one of the arms of the bridge 
and the remaining three arms are equal. The balance of 
this bridge is obtained by adjusting the total current flow- 
ing through it, thus changing the power dissipated in the 
thermistor until its resistance is at the required value. 

If the microwave power to be measured is now applied 
to the thermistor the bridge may again be balanced by 
adjusting the total bridge current. Let the initial total 
bridge current be /, and the total bridge current at balance 
with microwave power applied be /,. 

Since the thermistor is in each case maintained at a con- 
stant resistance equal to R, the bridge arm resistance, the 
total power dissipated in it must be constant. In a properly 
designed thermistor mount all the microwave power applied 
to the thermistor will be absorbed by it, and therefore the 
applied microwave power P is given by the difference 
between the two bias powers required for balancing the 
bridge. . 
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Thus 
P = (I,/2)’ Ra — (1/2)? Ra 


= Ri/4. @, + 0). i, + 1,) ......00-- (1) 


For the measurement of small powers /, will be approxi- 

mately equal to J, and we may write: 
Pe 2 Read i ee ke sé(2) 

The error introduced by this approximation will be con- 
sidered later. 

Equation (2) shows that the value of the current difference 
], — /, is linearly proportional to the microwave power for 
small values of this power. It is possible to indicate the 
current difference by supplying the bridge with a constant 
current and applying a circuit of adjustable resistance in 
parallel with the bridge to obtain a balance when the 
microwave power is applied. An instrument placed in the 
parallel circuit will indicate the current difference and its 
reading will therefore be directly proportional to the 
microwave power. Fig. 1(b) shows the arrangement with 
the parallel circuit connected across the bridge. 


Balance 


(0) Indicator 





Bead Type 
Thermistor 


YZ. f= 1,- Zz, 





Power 
Indicator 
(b) 


Power 
Balance 
/2 Control 





FG,’ 
| Microwave 
Power P 


Fig. 1(a), Simple thermistor bridge circuit; (b) parallel bridge circuit 


With this arrangement we have an instrument which 
indicates microwave power directly. However, equation (2) 
also contains the factor /, which is a function of the ambient 
temperature for any particular thermistor and cannot 
be considered constant over any useful temperature 
range. The power indicating instrument is therefore cor- 
rectly calibrated for only one value of 7, unless some pro- 
vision is made for adjusting the sensitivity to compensate 
for changes in /,. 

A circuit with the provision for making this adjustment 
with the initial balancing operation is shown in Fig. 2. 

The constant current supply to the bridge circuit is pro- 
vided by a high stabilized voltage V and the swamping 
resistance R, + R,. Part of this swamping resistance R, 
is variable to permit the adjustment of current for the 
initial balance. The parallel circuit includes switch S,, and 
variable resistor. Rs, for the adjustment of the current to 
obtain the balance after the application of the microwave 
power to be measured. 

_In this circuit the sensitivity of the power indicating 
instrument is adjusted by Ry in such a manner that: 


Instrument current a, a Rr 
Difference current " ° Ry +Rr+ Rw -. (3) 
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Substituting in equation (2) for 7, and J, the values 
V Im (Ry + Rr + Rw 











aes agra and Re respectively 
gives: 
V Iu (Ry + Rr + Ru) 
Pes Ras oO 
“"(R, + R: + Ra) Rr 
and on rearranging we have: 
VR R R R 
Wen ed oo: 2 Pee (4) 


2Rr R, + R. + Ra 


In equation (4) the first term of the expression for the 
microwave power P is a constant, and the instrument 
current J, is therefore strictly proportional to P provided 
that the values of R, and Ry are adjusted together in such 
a way that the value of the second term of equation (4) is 
maintained constant. 

This is achieved by coupling together mechanically the 
— resistors R, and Ry and choosing their values such 
that: 


Ry R, 










= = ka variable ...... 5) 
Ry + Ru R, + Ra ( 
Initial 
| Power 
| — R, Indicator 
V 
| 
| 
| Switch 
| Power 
| Balance 
Control 
To 





Fig. 2. Compensated bridge circuit 


This means in effect that Ry and R, are linear potentio- 
meters whose maximum values are proportional to Rr + Fu 
and R, + Rs, respectively. The second term of equation 
(4) now becomes: 


(Rr + Ru) (Kk + D 
(R, + Ra) (kK + 1) 
which is a constant for all values of k. 


Since J, is a. function of k the instrument will indicate 
directly the microwave power applied to the thermistor 
for all values of the initial bridge current. If the instrument 
is to indicate correctly over a large ambient temperature 
range it is also necessary that the components of the circuit 
have negligible temperature coefficient of resistance. In the 
case of the instrument resistance Rx this is impracticable 
and to compensate for changes in Rm» due to ambient tem- 
perature changes, a resistance of equal temperature co- 
efficient must be included as a part of R,. The value of 
this resistance Rc must satisfy the relationship: 


Ru tis Reo 
Ry + Ru R.+ Ra 








Choice of Component Values 


Having selected the type of thermistor to be used and 
fixed the temperature range throughout which the 
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thermistor bridge is required to operate satisfactorily, one 
can obtain from the characteristic curve of the thermistor, 
at a selected operating resistance Ra, the range of the 
initial total bridge current J,. Taking a suitable value of 
the stabilized supply voltage V now fixes the values of 
R, and R, the fixed and variable parts of the swamping 
resistance. The value of V should be large enough to 
ensure that R, is much greater than Ra. 

The maximum power to be indicated and the errors intro- 
duced in this indication are interdependent as is shown by 
a suitable rearrangement of equation (1): 

I, — 1, 
P = (1/2)1,Ra (,-—1) | 1 - = Plena (6) 
2, 

The percentage error introduced by considering the last 

term to be unity is: 

_(, ex. I,)/21, 

ie (1, - 1,)/21, 

and by using equation (2) an approximate expression for 


Percentage error = 100 «| 








This resistance has same_temp. 
coeff. of resistance as Rm 
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Fig. 3. Complete circuit of thermistor bridge 


this error is obtained in terms of P and /, giving: 
Percentage error = 100P//,’R (7) 


The maximum error will thus occur when P is a maximum 
and /, is a minimum, and since the minimum value of /, 
has been fixed a suitable compromise must be effected 
between the maximum power to be indicated and the maxi- 
mum error to be tolerated. In practice this error can be 
reduced by a factor of the order of two by choosing a 
value other than unity as the assumed constant factor. This 
will be obvious when the errors of a particular arrange- 
ment are examined in detail and will be shown later. 

There is now sufficient information to enable the com- 
pensating circuit for the power indicator to be designed. 

Unfortunately the compensating circuit reduces the 
sensitivity of the indicating instrument so that an instru- 
ment of rather high sensitivity, and therefore of high resist- 
ance if it is to be robust, will be required. The reduction of 
sensitivity is reduced when Rr is increased, but this will 
lead to large values of the total compensating circuit 
resistance. . 
This can be demonstrated in the following manner. The 
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total resistance of the compensating circuit is: 
Re (Rv + Ru) _ 
Ry + Rr + Ru 
and from equation (5) is obtained Ry = k (Rr + Ry) 
which when substituted in equation (8) gives for the total 
compensating circuit resistance: 
Rr [k Rr + (1 + k) Ru] 
(1 + k) (Rr + Ru) 
This will be seen to increase with increase of Rr. 

A limitation exists on the maximum value of the total 
resistance of the compensating circuit, since this corre. 
sponds to the minimum possible resistance of the parallel 
circuit and thus fixes the maximum value of the current 
which can be bled from the bridge. 

This current must certainly be no less than that required 
to balance the bridge circuit when the chosen maximum 
power has been applied to the thermistor. It will be seen 
from equation (2) that the shunt current J, attains a maxi- 
mum for the given maximum value of P when /, is a 
minimum and therefore when R, is a maximum. 

Since Ry is a maximum when R, is a maximum the total 
resistance of the compensating circuit, which is given in 
equation (8), is also a maximum and so these conditions 
are the most stringent which must be satisfied by the design. 
From the foregoing discussion it will be seen that the 








Fig. 4. The mains operated instrument incorporating the circuit of Fig. 3 


design of the compensating circuit is a compromise to be 
effected between several conflicting requirements. 

It may be found useful to place the parallel circuit across 
a fixed small resistor Rp as well as the bridge circuit since 
this permits a higher compensating circuit resistance to be 
used. This will, however, increase the error in the power 
indication, but the increase is exceedingly small for small 
values of the resistor placed in series with the bridge. 

It may sometimes be useful to return to the initial stages 
of the design and change the chosen value of V, the 
stabilized supply voltage. This may make possible the 
incorporation in the circuit of more readily obtainable 
oe than those which evolved from the first choice 
of V. 

This has been done in the design of the circuit of Fig. 3 
which uses the S.T.C. Type E2361 thermistor operating at 
200 resistance in the ambient temperature range —10° 
to +60°C. The corresponding range of the bridge current 
is 10 to 20mA. 

In this design the value of V has been chosen so that 
the mechanically coupled potentiometers R, and Ry are 
of equal and of standard value. Each potentiometer has 
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been split into two parts in order to provide coarse and fine 
adjustments. 

This circuit will indicate powers up to one milliwatt and 
has been designed so that the indicating instrument current 
is 400uA when the power level is ImW. 

A photograph of a mains operated instrument incorporat- 
ing the circuit of Fig. 3 is shown in Fig. 4. It will be seen 
that the mains switch is operated by the balance indicator 
sensitivity control, and the switch S, is operated by the 
coarse control of the power balance control Rs. This 
ensures that on switching on the mains supply the balance 
indicator has low sensitivity, and also means that the switch- 
ing and adjustment of the parallel circuit is simplified. 
Provision is also made for using an external balance 
indicator. 


Accuracy of the Complete System 


In order to determine the errors introduced by assuming 
a linear relation between microwave power and current 
change, and also by measuring the parallel circuit current 
which is not precisely equal to the current change, an exact 
expression for the microwave power may be obtained. This 
is somewhat laborious, but quite straightforward and there- 
fore only the result will be stated. 
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Fig. 5. Design factor of the circuit 
This is: 


P=(RalA) ; 


R’ 
a |: A) ay 
1 + (R/Rv) (R’/R + RYJ R+R’ 





where R = Ra + Rp 
R’ = R, + R, 
and Rp = total resistance of the parallel circuit. 


This expression can be used by inserting values for a 
particular design and considering it as 


P=K.1,.1, where K is some factor. 

The values of the factor K can best be calculated for a 
Tange of powers P, when /, has a particular value, by 
assuming values for Rp and calculating the corresponding 
values of J, and hence the corresponding powers. A curve 
can thus be obtained of K versus P. A set of curves for 
a range of values of J, will give the percentage variation 
of the factor for this range. 

If it is desired to incorporate the resistance Rp, several 
Sets of curves will be required, each for a different value 
of Ry in order that a permissible maximum value of Rs 
may be determined. 

For the circuit of Fig. 3 the value of Rx is the maximum 
which can be used without appreciable increase in the 
percentage change of the factor K and the appropriate 
set of curves for this value of Rs, 4000, is shown in Fig. 5. 
The design is based on the assumption that the factor is 
a constant equal to 94-5 and the curves of Fig. 5 show 
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that the maximum error introduced by this assumption is 
+2°7 per cent. | 

Curve 1 of Fig. 6 shows the maximum error due to 
the difference between the factor of Fig. 5 and the assumed 
constant value of this factor. This is presented as a 
function of the initial bridge current /,. Temperatures 
which correspond to the values of /, for the average 
thermistor are also shown. 

All further errors are due to the inaccuracy of the various 
components and this in the circuit considered is +1 per 
cent for the indicating instrument resistance, the corre- 
sponding temperature compensating resistance, and the 
tracking accuracy of the coupled potentiometers, and 
+0-1 per cent for the remaining components. Curve 2 of 
Fig. 6 shows the errors due to these components and 
curve 3 shows’ the resulting maximum possible error of 
the system, that is the sum of curves 1 and 2. 

The error due to the indicating instrument calibration 
is eliminated by setting the supply voltage V with the aid 
of this instrument. Thus if the instrument reads low the 
voltage will be set high by a corresponding amount and 
so provide the correct compensation. 


PERCENT ERROR 





10 15 J, MILLIAMPS 
19°C TEMPERATURE 


20 
“10% 
Fig. 6. Errors in power indication 


High stability of the supply voltage is necessary in order 
to avoid introducing further errors. These will arise if 
there is a change of the supply voltage after the initial 
balance has been made, but before the final balance. The 
change in voltage causes a corresponding change in the 
total current supplied and the current in the parallel 
circuit when the final balance is made will differ from 
the correct value by approximately the amount of this 
change. Since the total supply current is at least ten times 
that in the parallel circuit for the design of Fig. 3, the 
percentage change in the total current will be increased 
by a factor greater than ten. 

For the circuit of Fig. 3 a change of 0-01 per cent in 
the total current corresponds to a maximum error in’ the 
indicated power of approximately 4-4 microwatts. If a 
stabilized voltage referred to a discharge type reference 
tube is used, the variation due to mains voltage changes 
can be made less than 0-01 per cent. However, the short 
term stability of the reference tube may be somewhat 
worse than. this and may therefore become the limiting 
factor. 

At power levels of the order of 1 milliwatt this error 
is not appreciable, but in the measurement of much 
smaller powers it may be necessary to take several readings 
to ensure an accurate result. 
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Linear 


The «Least Squares ”” 


Criterion Applied to 


Servos 


By R. Voles*, B.Sc. 


The “ least squares” criterion of curve-fitting can well be applied to the transient response analysis 

of servomechanisms or similar filters. The approximate value of the integral of the square of the 

error in the output of the system over one transient can be derived from any form of the response- 

vector locus and superimposed contours may be used to reduce the calculation. Consequently, 

it is not necessary to know the actual transient response when ascertaining the optimum system 

parameters. To illustrate the calculation, the integral of squared error of a given simple servo 
over a step transient is obtained. 


bas determining the optimum values of the variable 
parameters of a servo, final attention is given usually to 
the system response to a step in the input. Various criteria, 
such as the number of overshoots or the amplitude of the 
first overshoot, are then applied to this response. These 
criteria are empirical and are often only a measure of the 
extent to which the servo transient output fits the input. 
The “least squares” criterion of curve-fitting can be used 
in this analysis, and it is apparent that the method is not 
restricted to step transients. The optimum values of the 
system parameters then correspond to the minimum integral 
of squared error over the transient. 

With a knowledge of the system transfer function, the 
integral of the square of the error over a transient, R, 
can be calculated either by direct integration of the squared 
error time function or by integration in the complex plane’. 
While these calculations give explicit solutions for the 
optimum system parameters, they are very lengthy in all 
but the simplest cases. Also, these methods cannot be 
applied to experimental systems where the transfer charac- 
teristic is known only in the form of a frequency response 
diagram. 

The method outlined below quickly yields the approxi- 
mate value of R for a system defined by its response-vector 
locus and may thus be applied in both design and experi- 
ment. The approximate optimum system parameters can 
be found by plotting response-vector loci for various values 
of these parameters and, by interpolation, selecting that 
combination which gives the least value of R. 


Principle of the Method 
THE INPUT TRANSIENT TREATED AS A FOURIER SERIES 

The applied transient may be written as a half-range 
Fourier series of fundamental pulsatance 2 having a half- 
period equal to, or greater than, the servo settling time. 
Thus, the integral of the square of the error of the system 
over a half period of this Fourier series is substantially 
equal to that over the transient. 

Suppose that the Fourier series representing the input 
transient is: 


00 : 
Re: ,, sin 
a wa Ql cos (pQh) 

where p is an integer, ¢ time, and |a,! the modulus of the 
harmonic component a, having pulsatance pQ. 

To each component a, of the input will correspond an 
output b, with an error cp of modulus |c,| and phase @p. 

By the principle of superposition, the system error is: 


ice) * 
! ! n 
c = 2,l¢0 SM (pQt + or) 


* E.M.I. Engineering Development Ltd. 
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Then, the integral of squared error over a half-period of 
the fundamental is: 


r er) 
R = f cidt = 7/2Q > leg? «2.2.20... (1) 


CALCULATION OF R 

Since the component terms ap, bp, cp, are related in the 

system response-vector plots, the value of: 

Icp/ ap? = Sp 
may be derived for any given pulsatance p{2. The product of 
S, and |a,|* gives the required term |c,|? which is used in 
the summation for R. 

For servo systems, |cp/ap)|>1 as p>. Thus, the 
series |c,|? is often slowly convergent, and a large number 
of terms must be taken to achieve worthwhile accuracy. 
However, the series: 


Jap]? ¢| ane Sp) = lap] ? ° Tp 


Fig. 1. Closed-loop response-vector p!ot for the servo analysed in the 
example, with superimposed 7 loci 
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is more rapidly convergent, and then: 


oO 00 oa) 
yy Cp. = y a,|? — 3 lay|? . Ty 


p=q p=] p=q 


T Loc 
The values of T may be derived from the response- 
vector plots directly, but the computation is reduced if 
“constant-7” loci are superimposed so that JT is then 
obtained by direct reading from the curves. The loci of T 
for the various response-vector presentations are given 
below. 
(a) Closed-loop; T loci are concentric circles about (1,0) 
as shown in Fig. 1. 

(b) Nyquist diagram; T loci are concentric circles about 
(—1,0), as shown in Fig. 2. 

(c) Inverse Nyquist diagram; T loci are a system of 
non-intersecting co-axial circles having centre 
((1 — T) T, 0) and radius | V(1 — T)/T]. 

Of the two open-loop presentations, the Nyquist diagram 
is to be preferred, since there the superimposed T loci are 
more widely spaced at the important low frequencies and 
consequently allow more accurate interpolation. 


THE ERROR IN R DUE TO RESTRICTED SUMMATION 
An estimate of the error E, produced in the calculated 


-value of R by terminating the summation of |a,|?. Tp after 


(q — 1) terms, can be obtained by choosing a series Up 
whose sum to infinity is of a simple form and such that: 


2.2) ie.2) 
‘3 U, > pa lap|? 


p=4q 
by a sufficiently small amount. 


Then, if Ta(max), Tain) are the maximum and minimum 
values of T in the range g < p, 


ie.) [o,2) 
Tatmax) > Up << Eq < Ta(min) z U> PAC Ere (3) 
p=q 


p=aq 


Fig. 2. Nyquist diagram for the servo analysed in the example, with 
superimposed T loci 
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CHOICE OF 2 


As has been stated, 2 should be so chosen that its 
half period is equal to, or greater than, the servo settling 
time. In the case of a step transient, the approximate 
time taken by a lightly damped system to settle to any 
desired fraction of the step can quickly be estimated from 
the response-vector locus by a method due to West and 
Potts’. Generally, however, an assumed value of 2 can be 
checked for validity by comparing the obtained value of R 
with that computed from a fundamental of lower 
frequency; if the first value of (2 was sufficiently large, the 
two values of R should be approximately equal. 


ILLUSTRATION 

Consider a step of unit amplitude to be applied to the 
input of a simple servo system defined by the differential 
equation: 

(D? + 26woD + wo?) b = wo’a 
where 6,w. are the damping ratio and undamped natural 
pulsatance, respectively. 

By considering the equation of the transient error, it 
may be shown that for 6 = 4, R is a minimum and equals 
1/wo. This value of R corresponding to § = 4 will now be 
obtained by the method given above. 

The system closed-loop response-vector and Nyquist 
diagrams are shown in Figs. 1 and 2. 

It may be shown that in a time 3z/w. the system settles 
to within 1 per cent of the step, which is sufficiently small 
for the above approach to give a reasonably accurate 
result. Thus: 


Q = wo/3 
The applied step may be written: 
<— (1 —cos . pz) 
a = 2/2 > sin. pO 
p= 2p 
where 
7/Q 


ic2) 
> lap|? = 20/2 f (edt = (2/x)* . 27/8 


p=] 
and a suitable form for U, is 
1 


Up =:(2/x)* . Xp te 


lea) 
so that: w 3 las? << fap. u 
p=1 


2(q — 1) 

Summing R, by reading from either graph the values of 
the intersecting T loci at component frequencies up to 
w = 8Q, gives: 


[2 0:86 10 08 04 
R = 7/20. (2/7) te “t. 8 32 5 72 
oe 
Wo 
0:25 
i 7/20 Lah. .03 / wo 
with E, << 2/22 .(2/ 79-1) 0.03/ 


This derived value for R of 0:99/wo (E, < 0-03/wo) 
compares favourably with the theoretical figure of 1/wo. 
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A Simple Stable Capacitance Operated Relay of 
High Sensitivity 


(On/off control for a Capacitance Change of 0*004pF) 


By W. V. Dromgoole* 


HE circuit described below can be constructed entirely 

from standard equipment and no critical adjustments 
are required. The capacitance sensing probe may be 
attached to the end of a double-screened cable the length 
of which is governed by the sensitivity required. 

It will be seen from Fig. 1 that the fundamental circuit 
consists of a simple capacitance bridge which functions as 
a controlled feedback path from the anode to grid of a 
simple oscillator, and, since L,, L,, L, L, are all wound 
in the same direction, it can be seen that if C. >C, the 
induced current in the L.C, arm of the bridge is greater 
than that in the L,C, arm and in such a direction in 
R as to produce positive feedback and oscillation; but 
if C. < C, the bridge is unbalanced in such a direction 
that the phase conditions produce the equivalent of nega- 
tive feedback and no oscillation takes place. 

In passing the balance there is a reversal of phase and 
therefore a sharp transition from oscillation to non- 
oscillation. A change of 0-004pF is sufficient to achieve 
full on/off operation. 

The complete circuit is shown in Fig. 2. The bridge and 
oscillator stage is an EF42, and the coils L,, L., L;, L, 
consist of a simple 4-coil pie-wound 2-5mH choke, the 
intersections of which are cut to provide connexion to the 
bridge section and the EF42 anode section. L, and L, are 
two coil sections of a similar 2:‘SmH choke mounted 
adjacent and axially with L,, L., L,, L, and connected as 
shown in Fig. 4. Spacing between the two chokes is not 
critical, but should be maintained constant by rigid 
mounting. 





* Cantertury University College, New Zealand. 


It will be noticed that no attempt has been made to tune 
the circuit to a particular frequency. The frequency deter- 
mining factors are those arising from the inductances and 
capacitances in the anode-grid bridge circuit and other 
constant stray capacitances. 











vi 





Fig. 1 (above). Fundamental bridge circuit 


Fig. 2 (below). Complete circuit of capacitance operated relay 
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The reason for not tuning other portions of the circuit 
is that the capacitance sensing device may represent, in its 
quiescent condition, a fixed capacitance of say, 100pF, and 
in some other application, may be of the order of only 
a few pF, with consequent changes in the oscillator 
frequency and response of the following R.F. amplifier if 
tuning was incorporated. 


OSCILLATOR STABILIZATION 

The oscillator output is fed to an EF42 r.F. amplifier 
stage, and also to an EASO diode, which develops a nega- 
tive voltage across a 500kQ resistor. A portion of this 
negative voltage is fed to the grid of the oscillator valve 





Fig. 3. Modified bridge circuit 


to stabilize its gain. A certain amount of negative feed- 
back is also provided by the unshunted cathode bias 
resistor. 


R.F. AMPLIFIER AND RECTIFIER 

This stage is operated at a lower screen potential than 
normal, since only sufficient voltage is required from half 
of the 6SL7 connected as a rectifier to cut off the plate 
current of the remaining half of the 6SL7 as a relay stage. 


RELAY STAGE 

This half 6SL7 contains a 10kQ P.O. relay in its anode 
circuit, which operates on approximately 1-SmA. When 
the oscillator is off, a preset control (1 000Q) in the chassis 
is adjusted so that the anode current of the half 6SL7 


HT.+ 
Osc. Grid 











Fig. 4. Assembly of coils L,—L, 


relay stage is 2mA (full scale on meter). From the circuit 
of Fig. 2 this is seen to consist of 6:3V a.c. from the 
grounded heater supply, which is rectified and applied as 
negative bias to the grid of the 6SL7 by the potentiometer. 

When the oscillator is on, the voltage developed across 
the half 6SL7 rectifier and load is negative, and is added 
to that * gia existing at the relay valve grid, resulting 
in cut-off. 


POWER SUPPLY 


The H.T. supply is adequately stabilized at 300V with two 
VR150 tubes, as shown. . 


BALANCING 


_ It will be seen from Fig. 2 that. one section of the bridge 
is L,C, and the other is L.Co. C, is a preset 15 to 115pF 
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air trimmer mounted in the chassis. C, consists of a 15pF 
balancing capacitor mounted on the front panel and also 
includes the capacitance sensing element, which may be 
terminated at the end of a double-screened cable if required. 

With the capacitance sending section connected, and the 
panel balancing capacitor C. (15pF) set at mid scale, turn 
the preset capacitor C, until the meter shows on or off for 
a small capacitance change, then put chassis in cabinet, 
screw up and then set final balance with C, on the panel 
until the meter just reads zero. T, set is now oscillating 
and a small increase of capacitance at the sensing element 
a cause the relay to operate and the meter to read 


The capacitance device may be arranged to work with 
either an increase or decrease of capacitance; by reversing 
the junctions of L,C, and L.Co. 


Use oF DouBLE-SCREENED CABLE 

If it is desired to sense a change of capacitance to ground 
at the end of a cable, a double-screened type Telcon Type 
PT11 M.J.M. is suitable, and when used in this connexion 
the bridge becomes the circuit shown in Fig. 3. 

It will be seen that some sacrifice in sensitivity must be 
tolerated as the outer screen capacitance C, becomes a 
shunt to ground to the R.F. voltage across R, and R feed- 
ing the grid of the oscillator stage. The intermediate screen 
capacitance C, merely represents a change in the balance 
9 of the bridge and can be compensated for by a change 
OF Gi; 


SENSITIVITY 

The sensitivity was measured by using the Dielectric Test 
Jig supplied for use with the Marconi Magnification Meter. 
The incremental capacitor had a capacitance change of 
0:83pF per 0-1 inch, which represents a change of 0:0083pF 
per thousandth of an inch. On/off operation is accom- 
plished with a change of 0-5 thousandths of an inch (i.e. 
0-004pF). 
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New Television Detector Cars 


Nine new television detector cars have just been 
brought in operation by the General Post Office and their 
main, purpose is to detect the presence of television receivers 
in operation. 

The detector equipment utilizes the magnetic induction 
field set up by the line-scanning coils of the television 
receiver; this field contains strong harmonics of the funda- 
mental line-scanning frequency of 10-125kc/s and these can 
be picked up by the sensitive receiver used in the detector 
equipment at distances of up to 100ft or more in many 
cases. Three horizontal loop aerials are employed; these 
are tuned to the second harmonic (20:25kc/s) of the line 
frequency and are mounted on the roof of the detector 
car in an “L” formation. The outputs of the loops can 
be switched in turn to the input of the radio receiver and 
its audio output heard on a loudspeaker or indicated on 
an audio level meter. 

The cars are also provided with a portable set of detector 
equipment, which can be carried into blocks of flats or 
other buildings where a number of television sets may be 
installed, and which enables the enquiry officer to pin-point 
each set more conveniently than can be done from the car 
in the street. 

The fixed and portable equipment of the television 
detector vans, based on designs by the Post Office, was 
manufactured and installed by G. A. Priechenfried and 
Associates of Lammas Park Gardens, Ealing. 
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ELECTRONIC EQUIPMENT 


At the Society of British Aircraft Constructors’ Exhibition at Farnborough, Sept. 6 — 12, 


( Based on information supplied by the manufacturers ) 


Air Trainers 
General Purpose Radio Aid Unit 


(Illustrated) 
HIS unit provides simulation of 
radio and navigational aids for 


instrument flying trainers. It may be used 
in conjunction with any flight trainer or 
simulator, and requires only inputs cor- 
responding to aircraft heading, airspeed, 
and altitude for the operation of all the 
basic facilities, and inputs of pitch and 
roll for the zero reader. 

The following are some of the basic 

facilities provided :— 

(a) Computation of ground position. 

(b) Semi-permanent record of flight 
track. 

(c) Permanent record of landing pro- 
cedures on a 3-pen_ graphical 
recorder. 

(d) Facility for setting height of aero- 
drome at any level between 0 and 
10 000ft above M.S.L. 





(e) 


Automatic simulation of radio 
compass operation. 

(f) Automatic simulation of I.L.S. 
localiser and glidepath operation. 

(g) Simulation of VHF communication 

facilities, embracing communica- 

tion on two 10-channel vHF TX/ 

RX equipments. 

Provision of all aural facilities 

through the normal crew’s inter- 

com, installation. 

(i) Provision of intercom. facilities 

between the crew and the instruc- 

tor. 


(h) 


Air Trainers Ltd, 
Aylesbury, Bucks. 


Boulton Paul 
Automatic Self-Balancing Strain Gauge 
Bridge 
(Illustrated) 


HIS bridge has been designed to give 

an automatic indication of mechani- 
cal strain when used with suitable strain 
gauges in structural research, wind tunnel 
measurements, etc. It can be used to 
measure any physical variable which can 
be converted into a mechanical strain. 
Both bonded and unbonded wire gauges 
can be used in conjunction with this 
instrument. 
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In operation in the laboratory, the 
sensitivity exceeds 2x 10-® strain on the 
smallest range of 1x 10-‘ strain. On all 
ranges the maximum sensitivity is 0-02 
per cent of full span. Any number of 
switched ranges of mechanical strain up 
to six can be _ provided between 
0:5 x 10-* and 50x 10-* full span. 





Simple control and initial setting up 
is provided by readily accessible con- 
trols. Bridge balance is obtained by 
means of a 3in centre-zero meter. 

Brief Specification 

Sensitivity: Normally less than 0-02 
per cent full span on all ranges with 
4V. R.M.S. applied to the strain gauge 
bridge. 

Linearity: Lowest range better than 
+0-1 per cent of full span. Highest 
range better than +1-5 per cent of full 
span. 

Response: Time to travel full span less 
than 5 seconds. Frequency response at 
small amplitudes of strain extends to 
several cycles per second. 

Bridge Balance: Indicator, 3in centre 
zero meter. Controls, Coarse zero 
(resistance); fine zero (resistance); 
capacity balance. 

Full Span Adjustment: This is pro- 
vided by means of a potentiometer. 

Boulton Paul Aircraft Ltd, 


Electronics Department, 
Wolverhampton. 


Elliott 
Automatic Balancing Three-Channel 
Strain Gauge Bridge 
fee instrument combines a sensitivity 
better than 0-00001 per cent strain 
with an input stability better than 3 x 10°' 
volts. It has been developed and manu- 


factured to R.A.E. specifications. 
(Illustrated.) 


Load Cell. Load cells 
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provide a new means of measuring forces 
and weights ranging from 5 cwt to 200 
tons. The force to be measured js 
caused to stress a_high-tensile steel 
member carrying bonded resistance wire 
strain gauges connected as a_ bridge 
circuit. The load carrying member js 
housed in a hermetically sealed cylin- 
drical container provided with a cable 
entry gland. The bridge is excited from 
a low voltage source, and provides an 
out-of-balance signal of 2mV per volt 
input to the bridge for capacitance load, 
The out-of-balance signal is linear with 
respect to the applied load. 

Load cells are self-compensating for 
temperature variations. Calibration 
accuracy is within +4 per cent of full 
range at all points from 0-100 per cent 
of capacity. The recommended maxi- 
mum operating temperature is 150°F. 
The cells are conservatively rated in 
respect of overload, impact loading and 
sustained loading. Means are employed 
to maintain internal insulation resistance, 

The present range of cells for com- 
pressive loading includes maximum 
ratings of $ ton, 24, 15, 50, and 200 tons, 


Elliott Bros. (London) Ltd, 
Lewisham, London. 


Ferranti 
New D.M.E. Interrogator 


ERRANTI LTD has been closely 

associated with 1000Mc/s_ distance 
measuring equipment and are showing 
for the first time an entirely new air- 
borne interrogator. In the new version 
every attempt has been made to reduce 
size and weight while ome all the 
facilities required by the I.C.A.O. speci- 
fication. The resulting equipment com- 
prises a single main unit (mounted in 
standard S.B.A.C. racking) containing 
transmitter, receiver and timing circuits, 
A remote control unit (illustrated) is 
provided together with either one of two 
indicators for remote presentation of the 
distance information. In addition the 


Ferranti interrogator has facilities for the 
circuits in 


incorporation of “Homing” 
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the same unit. The homing display is 
incorporated with the distance presenta- 


tion. 


New Packaged Computor F.P.C.1 


The Computor Group of Ferranti Ltd 
is showing in pictorial form the 
Ferranti packaged computor PRCA. a 
new electronic digital computor. This is a 
medium-sized general- purpose machine 
suitable for carrying out a very wide 
variety of calculations of the type and 
magnitude which arise in industry, 
research and management. 

This machine, like other machines of 
its type, can 

1. Do arithmetical operations exceed- 
ingly rapidly. 

2. Remember a great many numbers 
and very rapidly find any number 
in its store. 

3. Perform a sequence of operations 
automatically. 

4. Make decisions; that is to say, at 
any stage in the calculation, it can 
decide between several courses of 
operation according to which of 
various contingencies has arisen. 

The F.P.C.1 is a packaged computor. 
It is built up from a range of stan- 
dardized plug-in units, so that mainten- 
ance can be quickly carried out by 
replacement of the standard package 
without the computor having to be taken 


out of service. 
Ferranti Ltd, 
Hollinwood, Lancs. 


Goodman 
Vibration Oscillator 
(Illustrated) 


NEW addition to the range of 
vibration equipment is an oscillator 
with a 5 watt amplifier, covering the 
frequency range; 10-10000c/s. This 
unit is primarily intended for use with 
Model V.47 vibration generator and 
develops up to 5 watts into a 3 ohm 
load. This compact combination pro- 
vides a self-contained variable frequency 
power supply and can be used for a 
wide variety of vibration investigations. 
The circuit consists basically of an 
oscillator and amplifier sections with the 
necessary built-in power supplies. 

The oscillator is a resistance-capacit- 
ance coupled two-stage circuit employ- 
ing automatic amplitude control by 
means of a thermistor in a feedback 
loop. 


The tuning is effected by a con- 


tinuously variable double potentiometer, 
which in conjunction with a range switch 
appropriate 


selects values of fixed 
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capacitance. Calibration adjustment is 
by pre-set potentiometers. 

The drive to the amplifier is taken 
from a continuously variable potentio- 
meter across the oscillator output and 
this acts as a gain control. 

One half of a double triode valve 
operates as an amplifier and this feeds 
into the second half of the same valve 
which operates as a_ phase _ splitter 
driving a conventional push-pull output 
stage. 

Overall feedback is applied from the 
secondary of the output transformer to 
the cathode of the first amplifier stage. 

A rectifier meter connected across the 
output winding indicates the output 
level and is calibrated 0-5 volts. 


Goodmans Industries Ltd, 
Wembley, Middx. 


Marconi 
High Power Transmitter-Receiver 
(Illustrated) 


| gecessennr get designed for  pilot- 
operated radio telephony service, the 
Type AD.307 equipment is a multi- 
channel high-power transmitter/receiver. 
Unit construction is employed and the 
main units are built to fit the standard 
aircraft racking. |The equipment con- 
forms to SBAC standards throughout 
and meets all British Civil Airworthiness 
requirements. 

Two hundred crystal-controlled chan- 
nels are available on the basic equip- 
ment, but alternative drive circuits, 
using crystal economiser techniques, will 
provide 44000 channels in the frequency 
band 2-24Mc/s. Remote control is from 
one or two positions and the selection 
of a channel results in complete auto- 
matic frequency changing and self-tuning 
of all units, including the aerial tuning 
unit. Provision is made in the receiver 
for use of the muting system “ Carrier 
Operated Device Anti-Noise ” (CODAN). 
The equipment has primarily been 
designed for operation from A.C. 
supplies, but in aircraft where there are 
limitations in this respect, D.c. sources 
provide the major portion of the neces- 
sary power. Valves are directly replace- 
able by equivalents from the ARINC 
range. Potted circuit techniques, unit 
construction and the design of units to 
fit standard aircraft racking, contribute to 
reliability, ease of maintenance and 
simplified installation. 

The photograph shows the complete 
AD307 unit as follows: 

Top: (left to right) Drive and Receiver 
Unit, Power Amplifier Unit. Modulator 


and Power Unit (D.c. supply version). 

Lower: (left to right) Remote Control 
Unit (Pilot’s Controller), Aerial Tuning 
Unit, Remote Control Unit (Master Con- 
troller). 
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Other new exhibits include: 

AD7092C Radio Compass. Primarily 
designed for use by airlines on the 
American continents, all valves have 
direct equivalents in the ARINC range. 
A special feature of this radio compass 
is the tuned sense aerial amplifier, which 
has been developed to increase the 
attenuation of unwanted signals in areas 
where numbers of closely sited broad- 
cast stations exist. 

AD801 VHF Transmitter (50 watt). 

AD818 VHF Receiver. 

Both of these are specifically designed 
for air traffic control use. 


Marconi Wireless Telegraph Co Ltd, 
Chelmsford, Essex. 


Marconi Instruments 


MONG the recent additions to this 
range of communications measuring 
instruments are the following:— 
F.M./A.M. Signal Generator TF 995A 
This instrument retains all the features 
of the original TF 995, including the 
frequency range of 13-5Mc/s to 216Mc/s, 
but certain operational’ improvements 
have been introduced—particularly the 
revised switching and monitoring 
arrangements which permit simultaneous 


frequency and amplitude modulation 
with the ability to read both frequency 
deviation and amplitude modulation 
depth. 





VHF Test Set TF 982 


Specially designed for use in con- 
nexion with mobile transmitters and 
receivers, this v.H.F./1.F. signal generator 
and test set has main frequency ranges 
in the band 60-184Mc/s. 


Signal Generator TF 801A/1 
(/llustrated) 

A general purpose instrument for the 
carrier range 10 to 310Mc/s, incorpor- 
ating a patented contactless waveband 
selector which eliminates the variable 
factor of R.F. contact resistance. 

Marconi Instruments, 
St. Albans, Herts. 


Murphy 
Control Monitor Type SM.252 
(Illustrated overleaf) 


HIS unit has been designed to work 

in conjunction with the Murphy 
Radar Transponder Beacon RB.110. In 
addition to on/off switching, it provides 
remote indication of power output, 
receiver sensitivity and code operation. 

The equipment comprises monitoring 
circuits and a signal generator mounted 
on a 19in panel in a separate steel case, 
for installation adjacent to the beacon, 


ELECTRONIC. ENGINEERING 

















together with probe fittings for the aerial 
array. 

At the remote control station, a 
switch and indicator unit SU.253 is pro- 
vided, housing a relay and a mains 
transformer for the indicator lamp. 

The signal generator provides a con- 
stant low level signal pulse modulated 
at 50c/s, which interrogates the receiver 
via an aerial probe. The resultant 
transmitter output, via a similar probe, 
is gated and used to initiate an audio 
signal at 1 000c/s which is fed along the 
control line. At the remote station this 
audio signal is rectified and used to 
energize a relay which lights an indicator 
lamp. 

The receiver performance may thus be 
monitored by suitable adjustment of the 
signal generator. Similar adjustment of 
the monitor detector bias circuit ensures 
that any fall in transmitter power out- 
put below a pre-determined level is also 
immediately indicated. Trigger sensitivity 
and power output are discriminated 
within very close limits, and a reliable 
indication of the beacon performance is 
continuously maintained. 

A separate plug-in sub-chassis_ is 
normally incorporated which monitors 
the beacon code output pulse. The 
presence of the code pulse causes the 
remote indicator lamp to be extinguished 
so that the correct operation of the coding 
cycle may be observed. 

The distance over which the monitor 
will operate will vary with the charac- 
teristics of the line in use, but a range 
of at least nine miles (15 km) may be 
expected. The maximum pb.c. loop 
resistance must not exceed 3 000 ohms and 
the maximum attenuation at 1000c/s 
must not exceed 15db. 

The signal generator employed provides 
stable signals between 180 and 240Mc/s, 
with pulse or c.w. modulation and with 
a calibration accuracy of +0-5Mc/s. 

A calibrated piston attenuator is fitted 
which, in conjunction with the meters 
provided on the monitor, enables the 
bzacon receiver sensitivity to be measured 
on the site without the aid of additional 
test gear. 

Electronics Division, 
Murphy Radio Ltd, 
Welwyn Garden City, 


Herts. 
Plessey 
Aerial Multi-Coupler (Type PV 95) 
(Illustrated) 


HIS equipment is intended for use in 
VHF receiving stations operating in 
the band 116-134Mc/s and enables up 
to six receivers to be operated from one 
aerial. An insertion gain of 17db is 
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achieved with a noise factor of 8db. 
Thus if the multicoupler is used with 
receivers of average or _ indifferent 
noise factor, the result is an improve- 
ment in the overall noise factor of the 
combination compared to the receiver 
alone. The coupling between any two 
output sockets is lower than 40db down 
relative to the insertion gain, and the 
linearity is such that cross-modulation 
effects are negligible over the range of 
signal strengths normally experienced. 
The input and output circuits are 
arranged for use with 75 chms coaxial 
cable. ° 





5 Channel H.F. Preselector Type 
PV 98 and PV 98A 


The preselector is intended to be used 
in combination with a fixed frequency 
single channel H.F. receiver such as the 
Plessey PR.53, the two units forming a 
five channel pre-set double superhetero- 
dyne. It may be fitted with a BFo stage 
for injection into the receiver for 
telegraphy working, and can be used 
with internal HFO crystals or external 
highly stable HF oscillators. Facilities 
are available for cross-coupling two pre- 
selectors for diversity working, and in 
conjunction with the corresponding 
facilities in the PR.53 receivers. Con- 
siderable economy in the number of 
crystals required is obtained. 


Two-Tone Generator Type PG 96 

The principal application for this unit 
is in connection with tone modulated 
line of VHF telegraphy. It converts 
keyed pc to two tone signals or vice- 
versa. The tone outputs are in the 
audio frequency range 300-3 000c/s. The 
unit can be supplied with the tone out- 
put adjusted in conformity with the 
British Post. Office standard tones. 


The Plessey Co Ltd, 
Ilford, Essex. 


Pye 
Gliderphone 
(Illustrated) 
F , Gemige very lightweight set has 
been designed for gliders and small 
aircraft, and to meet this requirement 





the Pye “ Walkiephone” has been used 
as a basis for a new design. Its size is 
much reduced by separating the bat- 
teries from the set and stowing these 
away into a convenient space. The very 
small radio set can then be sited for 
easy access by the pilot. 

In the case of wooden gliders a whip 
aerial with suitable ground plane straps 
can be installed within the fuselage, 
resulting in a very neat installation. 
Using an efficient ground plane with a 


whip aerial, remarkable ranges are 
possible with airborne Gliderphones 
operated in conjunction with 15-watt 


fixed or mobile stations, and distances 
of 80 miles and more have been reported, 
With its own power supply the Glider- 
phone has obvious advantages in aircraft 
as an emergency set or in light aircraft 
for radio-telephone contact with airfield 
control towers. Gliders can maintain 
contact with their recovery crews by 
means of this set, and also receive 
messages regarding weather conditions, 


Pye Ltd, 
Cambridge. 
Redifon 
G143 Transmitter 
(Illustrated) 


pm G.143 has been specially designed 
to meet the ever-increasing need for 
rapid frequency changing over a wide 
range, particularly in  ground-to-air 
communication. 

It provides telephony, M.c.w. and 
c.w. service over the frequency range 
2-26Mc/s. The main feature of the 
equipment is the ability to select from a 
distance any one of ten channels, each of 
which can be preset to any frequency 
in the entire band. The average time 
required for frequency changing is five 
seconds. 

The two main parts of the channel 
selection system are the step-by-step 
motor-driven frequency band selector 
switches, and the tuning elements, which 





1954 





OCTOBER 








housir 
buildi 


The 
+50c 
modu 
cent a 
ing ac 
keyin; 
with | 
altern 
up tc 
sende 
sent « 
in acc 
is inc 

The 
tolera 
Tadia' 
Interr 
City, 
over 
30°C 
of + 





1 used 
Size ig 
ie bat- 
; these 
ne very 
ed for 


a whip 
Straps 
iselage, 


with a 
S are 
Phones 
| 5-watt 
stances 
orted, 
Slider- 
ircraft 
‘ircraft 
iirfield 
1intain 
WS by 
‘eceive 
ions. 


e Ltd, 


ridge. 


signed 
d for 

wide 
to-air 


and 
range 
f the 
‘om a 
ch of 
uency 
time 
; five 


annel 
/-step 
ector 
vhich 


954 








are driven by Servo-operated 2-phase 
ac motors. 

Tuning is preset by selecting each 
channel in turn, setting the band switches 
(one each for oscillator driver and 
power amplifier units) and adjusting the 
driver tuning, power amplifier tuning and 
power amplifier loading by the appro- 
priate setting potentiometers. Selection 
of a channel automatically switches in 
the relevant crystal. 

Full facilities are provided for remote 
control up to 25 miles, The system 
includes a small push button unit for 
mounting close to the operator and a 
larger unit containing the microphone 
amplifier and keying oscillator, and step- 
by-step switches and relays. 

G142 Transmitter 

This is a medium-frequency trans- 
mitter with a coverage of 200-420kc/s 
which has been specifically designed as 
an economical locator beacon and’ route 
marker for aeronautical navigation. 

For continous unattended operation a 
dual installation is available with auto- 
matic monitoring, change-over switching 
and remote indication of serviceability. 

The equipment can be supplied in a 
weatherproof, ventilated kiosk-type of 
housing, which eliminates the need for a 
building. 

Brief Technical Details 

The modulation frequency is 1020 
+50c/s the power amplifier being 
modulated to a depth of 80 to 95 per 
cent at all output powers without requir- 
ing adjustments. The normal method of 
keying is by switching on/off modulation 
with continuous carrier (i.e. keyed tone), 
alternatively, normal c.w. on/off keying 
up to 20 bauds. An automatic code 
sender for a two- or three-letter caii sign, 
sent eight times per minute at 7 w.p.m. 
in accordance with I.C.A.O. requirements, 
is incorporated. 

The R.F. unit is crystal controlled, the 
tolerance being +0-02 per cent of the 
radiated frequency in accordance with 
International Radio Regulations (Atlantic 
City, 1947). This stability is maintained 
over an ambient temperature range of 
30°C and with supply voltage variations 
of +6 per cent. 

Redifon Ltd, 
Broomhill Road, 
London, S.W.18. 


Salford 
FM Radio Altimeter 
(Illustrated) 


f Ie altimeter operates on a similar 
principle to that used in radar devices, 
but instead of a series of pulses being 
sent out, a continuous wave is radiated, 
the frequency of which varies repeatedly 
in a sawtooth manner. The time delay 
of the reflected wave enables a direct 
Measurement of height to be made. 
The altimeter is designed so that two 
height indicators are available, one for 
the pilot and one for the navigator. 
The instrument is accurate to +10ft at 
200ft and to within 3 per cent of the 
indicated height up to 5000ft. Where 
required, a height can be preselected and 
a visual indication is given of any 
deviation from this height. The power 
consumption is approximately 130 watts, 
the nominal input voltage being 24 volts 
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D.c. The transmitter/receiver unit and 
indicators are pressurized. 

The presentation consists of single 
pointer with one revolution per 1 000ft, 
numbers of thousands being shown on 
a single figure revolution counter. 

Preset heights may be _ selected 
manually on a limit height unit and 
indicator lamps provide warning when 
flying on, above or below any present 
height. 

The illustration shows the power unit 
and the indicator and control units. 


Salford Electrical Instruments, 
Salford, Lancs. 


Saunders Roe 
Computing Amplifier 
Benny amplifier has been designed for 

use in high-accuracy, slow speed D.c. 
analogue computors and those employ- 
ing repetitive operation where the solu- 
tion is displayed on a cathode ray tube. 

The control panel is fitted with three 
zero-setting controls, which are suitably 
guarded to prevent accidental disturbance 
after adjustment, and a “Set/Use” 
switch flanked by two jack sockets also 
used for zero setting purposes. 

The unit, which is of robust construc- 
tion, is designed to be mounted on a 
main panel and supported by web-type 
brackets. 

The amplifier is a triple-circuit unit 
comprising a high-gain drift-corrected 
channel which can be converted to a 
lower gain circuit by the operation of a 
relay. _A_ separate drift-compensated 
unity-gain amplifier is provided for sign 
reversal. 

The main amplifier has been designed 
to provide highly accurate computation 
when the change-over relay is in the 
high gain position, in which condition 
the frequency response is adequate for 
slow speed computation where the solu- 
tion is presented on a pen recorder. 

In the low gain circuit the frequency 
response is approximately eleven times 
that of the high gain circuit and is suit- 
able for repetitive solution presentation 
on a cathode ray tube, eg., a 10c/s 
phenomenon is presented om § times per 
second giving a fundamental frequency 
of 500c/s to be accepted by the amplifier. 

The main amplifier will perform the 
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operations of summation, differentiation 

and integration, and will provide any 

desirable transfer function when used in 

conjunction with suitable computing 
impedances. 

Saunders Roe Ltd, 

Electronics Division, 

East Cowes, 

Isle of Wight. 


Standard Telephones and Cables Ltd. 
Precision Approach Airfield Radar 


f baw equipment provides the ground 
controller on an airfield with visual 
three-dimensional information relating to 
an aircraft approaching the runway in 
use, ie., distance, azimuth, and eleva- 
tion. This information, vital during 
inclement weather, enables the controller 
to convey to the pilot over the normal 
radio telephone all instructions neces- 
sary to fly the aircraft to the approach 
end of the runway from where a safe 
visual landing can be made. y 

The radar section of the equipment is 
installed in an unattended vehicle nor- 
mally positioned at the side of the run- 
way facing down-wind. Two S0kW 
radar transmitters operating in the 3cm 
band radiate a pulsed fan beam from 
two aerials in the direction of the 
descent path. At the 10 mile working 
range of the equipment this represents a 
swept space of approximately three miles 
by one mile in which an aircraft can be 
detected. The aircraft is directed into 
this area by normal navigational aids. 
Radar echoes from the aircraft are duly 
interpreted by the receiving equipment in 
the vehicle and passed over a radio link 
to the control tower where they are 
presented to the controller on azimuth/ 
range and elevation/range cathode-ray 
tubes. 


STR.20 560/623-Channel VHF Airborne 
Communication Equipment 

The STR.20 is an entirely new equip- 
ment specifically designed for use in 
military aircraft, and is exhibited for the 
first time. 

This equipment provides 560 channels 
at 100kc/s channel spacing, or 
channels at 90kc/s channel spacing. A 
frequency synthesis system using built- 
in crystals is used. Any 20 channels can 
be made available for selection by the 
pilot. 

STR.12D 140-Channel VHF Airborne 
Communication Equipment 

The STR.12D is the latest type of 
VHF aircraft equipment designed specifi- 
cally for the world’s air lines. It pro- 
vides 140 channels in the International 
Civil Aviation Organisation’s band of 
118-132Mc/s. The transmitter has a 
power output of some 10 watts and the 
equipment is provided with full pilot 
remote control. ’ 

The equipment, incorporating crystal 
saving circuits, uses only 34 crystals 
although providing crystal control on 
each channel. 

The STR.12D is fitted as the standard 
VHF communication equipment on such 
aircraft as the Vickers “ Viscount,” the 
Bristol “Britannia” and _ the 
Havilland. “ Comet.” 

Standard Telephones and Cables Ltd, 

Connaught House, 
Aldwych, London, W.C.2. 
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Relays for Electronic and 
Industrial Control 


By R. C. Walker. 303 pp., 65 figs. Demy 8vo. 
Chapman & Hall Ltd. 1953. Price 42s. 
{T= author’s preface states that the 

object of this book is to bring to- 
gether in collected form for handy refer- 
ence the principal features and potential- 
ities of relays as switching devices. 

Certainly the author has assimilated 
an immense mass of previously scattered 
material and, so far as the present re- 
viewer knows, this is the first book wholly 
devoted to the subject. The material is 
too diverse to give more than a hint of 
the context but, with some astonishing 
omissions to be noted later, most aspects 
of relay operation and use have been 
dealt with, while descriptions are given 
of many little known and comparatively 
seldom used types and circuits. 





ELECTROPHYSIOLOGICAL 
TECHNIQUE 


By C. J. Dickinson, B.A., B.Sc. 
(Magdalen College, Oxford) 


Price 12/6 

(Postage 6d.) 
The author describes the use 
of electronic methods as 
applied to research in 
Neurophysiology. Chapters 
are devoted to amplifying, 
recording and stimulating 
techniques used in physiology 
and medicine (e.g. electro- 
cardiography, electro- 
encephalography, etc.) 


Order your copy through your bookseller 
or direct from 











Electronic Engineering 


28 ESSEX STREET, STRAND, W.C.2 








The book shows many evidences of 
failure in careful revision and editing 
due, presumably, to the regretted death 
of the author while the book was in the 
press. Unfortunately, an honest reviewer 
cannot take de mortuis nil nisi bonum 
as his motto and it is impossible to pass 
over the many omissions, pieces of care- 
less writing and downright misstatements 
which the book contains. Also it must 
be stated that the assemblage of the vast 
amount of material is somewhat unsys- 
tematic. 

As an example of careless expression, 
on page 83 occurs the phrase “ If a large 
capacitor, normally shorted, is connected 
across thé relay.contacts on a direct cur- 
rent ‘éircuit, opening the contact provides 
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a sink into which the energy of the col- 
lapsing magnetic field can pass instead of 
appearing across the contacts. 

On page 174 it is stated “ if the coil 
is assumed to be devoid of resistance its 
inductance will be proportional to the 
square of the number of turns. . 
What has the resistance to do with ‘the 
inductance? The paragraph goes on 

“and since the number of turns is in 
general higher for higher voltages the 
time element will be relatively greater 
for relays used on higher voltages.” This 
is, of course, quite untrue. 

The whole of the next paragraph and 
the curve, Fig. 71, to which it applies 
also shows compietely muddled thinking. 
While correctly indicating that the cur- 
rent in a circuit of a higher R/L ratio 
will rise more quickly than one in which 
this ratio is less, the fact that fewer turns 
will produce a smaller magnetizing effect 
for a given current is disregarded so that 
the whole argument is invalidated. 

There are some astonishing omissions. 
Although the design of non-polarized 
relays is dealt with at considerable length, 
that of polarized relays—which, because 
of their much higher sensitivity are 
usually to be preferred for use in con- 
nexion with valves—is not even men- 
tioned. The Western Electric 209F.a. 
relay, known in this country to the 
B.P.O. as the 299a.N., which was until 
recently probably by far the most widely 
used polarized relay in the world, is not 
even referred to, nor are those made by 
Siemens & Halske, of Munich. 

The Gulstad relay with its enormously 
valuable ability to replace missing dots 
in telegraph circuits is not referred to by 
name and the principle is only very in- 
completely described in the description 
of the Creed relay and even here no cir- 
cuit diagram is given. 

On page 162 the treatment of filters, 
which are frequently of importance in 
connexion with relay working, is inade- 
quate and confused. 

In spite of the foregoing criticisms and 
they are only some picked at random, 
the book is worth buying for the inform- 
ation it contains but it is scarcely to be 
recommended to the beginner who will 
be frequently puzzled and sometimes 
misled. 

R. E. H. CARPENTER. 


Cathode Ray Tubes 


Edited by M. G. Say. 216 pp., 50 figs. Demy 
8vo. George Newnes Ltd. 1954. Price 25s. 
HIS book, which is one in the Newnes 
Electrical Engineering Progress series, 
is written by a group of authors each an 
expert on the particular subject he 
covers. 
It covers a wide range and each chapter 
is concluded by a useful list of references. 
.After a brief survey of the types and 
uses of C.R.T’s, Electron Optics are dealt 
with and the effects of varying the various 
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parameters are discussed. This is fol- 
lowed by a chapter on the actual con- 
struction of c.R.T’s. These early chapters 
are extremely thorough and although 
most of the theoretical aspects are dealt 
with, the practical problems are also dis- 
cussed in a manner which reflects the 
author’s familiarity with the subject. 

Chapter V is entitled ‘“ Television 
Tubes and Control Circuits” and covers 
the television application of C.R.T’s and 
the particular problems involved. It is 
a most useful chapter, but it is a pity 
that overlapping of the previous chapters 
should occur. In particular the problem 
of ion burn is described all over again 
including illustrations of typical ion 
traps. Electromagnetic focusing is also 
repeated including almost exact copies of 
previous illustrations. The advantages 
and disadvantages of projection equip- 
ment are listed in a most unbiassed way 
and many interesting features of the sys- 
tem are mentioned. Several items such 
as neutral filters and oil filled lens are 
also mentioned. A typical modern tele- 
vision receiver circuit is shown, including 
all values, and the functions of the 
various valves are briefly described. The 
chapter includes a most interesting list 
of British c.R.T’s and gives their more 
important characteristics. 

Radar tubes and some of their asso- 
ciated circuits are described in the fol- 
lowing chapter. Various displays such 
as the “A” and “B” type and P.P.I. 
are described and illustrated and the 
Skiatron is also mentioned. This chapter 
also includes a list of C.R.T’s, but this 
one is concerned with those particularly 
developed for radar purposes. 

Chapters VII and VIII deal with some 
of the problems which occur in the use 
of c.R.T’s for measurements and investiga- 
tion of various waveforms. Some of the 
uses of the oscilloscope technique are 
listed and described. 

Camera tubes are dealt with in the 
following chapter. It contains a most 
interesting description of the main fea- 
tures of the various camera tubes includ- 
ing the basic principles upon -which they 
operate. This chapter is also well 
illustrated. 

The book concludes with a chapter on 
special tubes and their uses. It includes 
switching tubes, storage tubes, mono- 
scopes and the image convertor and its 
application to high speed photography. 

The book is printed on good quality 
paper and is well illustrated throughout. 
The only error noticed by this reviewer 
was in Chapter V where a graph, showing 
the variation of spot size, plotted against 
anode voltage of a c.R.T., is illustrated. 
It is headed “ Variation of spot size with 
final anode voltage,” but it should obvi- 
ously read ““..... first anode voltage.” 
It is ie likely to cause confusion to the 
average reader as the anode voltage only 
ranges from 100 to 400 volts. 


C. H. BANTHORPE. 
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Introductory Circuit Theory 


By E. A. Guillemin. 545 pp., 85 figs. Demy 8vo. 
John Wiley & Sons, Inc., New York. Chapman 
& Hall Ltd., London. 1954. Price 68s. 

[: is sometimes claimed that G. B. 

Shaw’s preface is more important than 
his play. The student will doubt 
whether this can apply to a textbook, 
but the teacher may well feel that the 
preface to this book is an important 
contribution to teaching aims. When 
reading it, he will often find himself say- 
ing “hear! hear!” To quote only one 
or two sentences: “ Circuit theory is the 
electrical engineer’s bread and butter” 
(yes, even the “heavy” electrical engi- 
neer). “He (the student) should be 
started off with the same basic concepts 
and process of analysis that he will be 
using in his professional work four or 
five years later.” So we find Guillemin 
tackling impulsive excitation before sinu- 
soidal. He warns us of the relativeness 
of the terms elementary and advanced in 
“We refer to things as being advanced 
pa | as long as we understand them in- 
sufficiently well ourselves to be able to 
make them clear in simple terms.” While 
appreciating the partial truth of this, we 
should want to qualify the statement. 
Surely there is some absoluteness about 
the terms, too. For example, dealing 
with F.M. sideband theory involves more 
advanced work than dealing with a.m. 
sideband theory, even when both are 
sufficiently well understood to be made 
clear in simple terms. He rightly stresses 
the value of 1 volt or 1 amp as the start- 
ing point and refers to the importance 
of promoting flexibility in the student so 
that he can solve the slightly unorthodox 
problem. 

And now to the book itself: the first 
chapter sets out how best to represent 
a network and to arrange the variables 
so as to reduce the task of solution. It 
is in effect an argument in favour of 
adopting Maxwell’s circulating or loop 
current rather than Kirchhoff’s branch 
current method. Next there is a discus- 
sion on Kirchhoff’s laws and the equiva- 
lent voltage and current generators. 
Those who have had much to do with 
determinants will agree with the author’s 
statement in Chapter III, that it is easier 
to adopt a method of systematic elimin- 
ation with simultaneous equations. The 
application of symmetry to solve the 
fesistance across the ends of a diagonal 
in a uniform wire cube is a good exam- 
ple of the author’s commonsense ap- 
proach. Thévenin’s and _ Norton’s 
theorems are fully explored. The reac- 
tion of circuit elements to various 
voltage or current sources of different 
amplitude-time characteristics is con- 
sidered in Chapter IV. In dealing with the 
inverse circuit concept the author is pre- 
pared to use therm “daraf” as the unit of 
Inverse capacitance but avoids “ yrneh ” 
in favour of “reciprocal henry.” Per- 
haps the author is not partial to Welsh! 
Simple circuits containing RL and/or C 
are employed in the next three chapters 
in order to examine impulse and sine 
wave response, and to develop the signi- 

nce of impedance and the complex 
frequency plane. The importance of 
knowing the differential and integral 
forms of standard amplitude-time wave- 
forms is stressed. In Chapter VIII we 
have the analysis extended to more com- 
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plicated circuits including mutual induc- 
tance. There are many examples to 
illustrate the general solution of a finite 
lumped-constant circuit in Chapter IX. 
The last chapter emphasizes the value of 
matrix representation in circuit theory 
and concludes with a note on duality and 
reciprocal circuits. 

The quality of the book reaches the 
standard we would expect of the author 
and its style, a little less formal than is 
common with English technical writers, 
is quite refreshing. There are some 
criticisms one could offer. There is no 
bibliography or list of references to aid 
the student who wishes to go further, 
and a 34-page index is hardly adequate 
to facilitate search through 550 pages. It 
would be helpful, too, if the answers 
were given to the many problems, which 
are an excellent feature of every chap- 
ter. The book can be confidently 
recommended to lecturers, to under- 
graduates, and to Higher National Certi- 
ficate students in Electrical Engineering. 


K. R. STURLEY. 


Industry and Science 
188 pp. Demy 8vo. Manchester University 
Press. 1954. Price 12s. 6d. 
‘oe is a report by the Manchester 
Joint Research Council based on a 
survey of some 225 firms in the greater 
Manchester area between 1950 and 1953. 
The idea was to take a well-selected 
cross-section of firms in the thickly popu- 
lated area of greater Manchester, and to 
appoint a small team of qualified investi- 
gators to hold confidential conversations 
with leading industrialists and their staffs. 
The scheme was given the support of the 
Department of Scientific and Industrial 
Research throughout. Individual indus- 
trialists should find in the report some- 
thing which will help them make the best 
use of scientific knowledge in their own 
particular field. 


Electrical Contractor’s Annual 


Edited by J. Rosslyn-Stuart. 358 pp., 80 figs. 
Demy 8vo. 2nd Edition. E. & F. N. Spon Ltd. 
1954. Price 18s. 

HIS edition contains a number of 

entirely mew articles written by 
specialist contributors. The existing 
features, trade names and trade addresses, 
together with other reference data, have 
been revised and brought up to date. 


Data and Circuits of Television 
Receiver Valves Book IIIC 


By J. Jager. 225 pp., 226 figs. Demy 8vo. Philips 
Technical Library, Holland. Elsevier Press Inc., 
New York. Cleaver Hume Press Ltd., London. 
1953. Price 21s. 
oo book provides the television 
technician and those who wish to 
qualify as such with useful data on the 
application and operation of valves 
which have been specially developed for 
television. 

In the first section, each type of valve 
is treated individually, with full informa- 
tion on applications and correct opera- 
ting conditions. The second section 
deals at some length with typical cir- 
cuits, and the third contains short des- 
criptions of a number of measuring 
instruments suitable for testing, fault- 
tracing, and so forth. 
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416 pages 253 figures 45s. net 


by 
George F. Corcoran 
and, 
Henry W. Price 
(Both of the University of Maryland) 
A modern introduction, including 
complete chapters on graphical 


methods, transistors, feedback cir- 


cuits, and oscillators. 
326 figures 
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Automatic Voltage Regulators and 
Stabilizers 


By G. N. Patchett. 335 pp., 195 figs. Demy 8vo. 
Sir Isaac Pitman & Sons Ltd. 1954. Price 50s. 

'HIS book deals with all types of_volt- 

age regulator from those having a few 
watts output, which generally supply 
electronic equipment, to those, employed 
on large power systems, controlling 
thousands of kilowatts. 

The introductory chapter briefly men- 
tions methods of obtaining a constant 
voltage, the distinction between an auto- 
matic voltage regulator and a voltage 
stabilizer, the types of automatic voltage 
regulator and automatic current and 
power regulators. 

Chapter II first deals with design speci- 
fications and methods of expressing 
performance. The principles of regula- 
tors in which it is impossible to distin- 
guish the measuring and regulating units 
are then given. Descriptions are in- 
cluded of the many non-linear devices, 
such as glow-discharge tubes and mag- 
netically-saturated elements, which can 
be arranged in potential-divider or bridge 
circuits. Detailed classification of regu- 
lators according to the positions and 
types of measuring and regulating units 
appears in Chapter III. 

Chapter IV is devoted to regulators in 
which the regulating unit consists of a 
motor driving some variable element. 
Suitable elements, such as moving-coil 
and induction regulators, are described 
together with contact-making voltmeters 
and voltage-sensitive relays as measur- 
ing units. Chapter V gives an account 
of carbon-pile, rocking-sector, multiple- 
contact, vibrating-contact and moving- 
loop regulators. 

The next two chapters include data on 
D.c. reference-voltage sources, valves and 
transductors, the theory of non-linear 
bridges, more detailed information on 


barretters, silicon-carbide _materials, 
thermistors and incandescent lamps, des- 
criptions of bridges using saturated 


diodes, a mention of p.c. and A.c. gener- 
ators, and the principles of the metadyne 
generator and magnavolt and rototrol 
exciters. Some omissions are evident 
here, e.g. some details of the stability of 
standard cells might have been given, 
there are several other types of satur- 
ated diode apart from the Sorensen and 
29C1 (given as 29CI at bottom of p. 184) 
and the saturated-diode bridge is now 
commonly used in this country. 

Chapter VIII describes arrangements 

based on units covered in Chapters VI 
and VII, including thermionic-valve and 
generator-type regulators, while the final 
chapter considers special topics such as 
parallel running of machines and hunt- 
ing. 
The book is written in an attractive 
manner, is clearly illustrated with many 
diagrams and is easy to follow through- 
out because of careful arrangement of 
the material. There is some repetition, 
however, and a number of minor errors 
in Chapters II and VI. 

The book can be thoroughly recom- 
mended to advanced students and re- 
search engineers. It is undoubtedly a 
valuable source of general information 
and reference with its excellent biblio- 
graphy of 610 references and an addi- 
tional list of 137 items for further read- 
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ing. In spite of this the bibliography is 
incomplete and, because the subject is 
expanding so rapidly, there are at least 
150 more recent papers than those listed. 


F. A. BENSON. 


Physics and Applications of 
Secondary Emission 

By H. Bruining. 178 pp., 7@ figs. Demy 8vo. 
Pergamon Press Ltd. 1954. Price 25s. 
—_ book gives a survey of secondary 

emission phenomena and their uses. 
It covers the subject well in the sense 
that sections are included on all relevant 
topics, and will be welcomed for this 
reason. However, as there are so few 
books on the subject, it seems to the 
writer that a more detailed treatment of 
some topics would have been justifiable. 
The section on the theory of secondary 
emission is rather condensed, but more 
important, attention to the work of the 
last few years is inadequate. For exam- 
ple, although there is an excellent list of 
references to early work, only 16 papers 
are quoted in the list for 1950-52. Nine 
papers of considerable importance pub- 
lished in this period are omitted, and 
several other less important ones. More- 
over, there are several papers since 1949 
which are listed, but whose significance 
is not referred to in the text. This ap- 
plies especially to the work of H. Jacobs 
and collaborators on the enhanced 
secondary emission from magnesium 
oxide, which should have been included 
in the section on the Malter effect. On 
page 66 Johnson’s work of 1947 on the 
oxide cathode is described, but there is 
no mention of his continued work pub- 
lished in 1951, and in this case the refer- 
ence is one of those missing from the list. 
The list of secondary emission coefficients 
of metals omits Farnsworth and Lun’s 
values for Re and Ni-Ba, and also 
Brophy’s values for liquid and solid Ga, 
Hg, Pb, and Bi. All this work was pub- 
lished in 1951. Brophy’s work, dealing 
with liquid metals, should also have been 
referred to in section 3.4.5. His values 
for Pb and Bi differ from the values 
quoted in the book, obtained by 
Morozov. 

The book is on the whole written 
clearly, but there are a few passages 
where the degree of condensation makes 
the meaning rather difficult to follow. 
Examples are section 3.6, the second 
paragraph on page 61, and the final sen- 
tence on page 127. There are several 
mistakes, thus on page 47 it is stated that 
8 true is inversely proportional to the 
density of the element, which is not so. 
On page 59 a conductivity is quoted in 
ohm-cm., and one cannot deduce what 
value is intended; moreover, a value for 
the conductivity of caesium-antimony 
has already been published, by the 
present writer. On page 60 the field 
emission is described as falling instan- 
taneously to zero, which is not the case, 
and in fact contradicts Fig. 4.5. 

Thus while this book will be accept- 
able in so far as it serves to correlate a 
wide range of phenomena, and because it 
deals adequately with their apovlications, 
it seems likely to disappoint those who 
are “actively engaged in the subject, and 
who are interested in recent develop- 
ments in its physical aspects. 


D. A. WRIGHT. 


Rocket Propulsion 


By Eric Burgess. 235 pp., 56 figs. Demy 8yo, 
” cee & Hall Ltd. 2nd Edition. 1954. Price 
5. 


'HE second edition of this book fol- 

lows the original material very closely 
and only a modest amount of fresh in- 
formation has been added, notable here, 
being several excellent illustrations of 
more recent origin. 

It would seem that the new version has 
been printed largely for the purpose of 
correcting the many errors which marred 
the first edition. Assuming this to be 
the main object, it can be said that this 
has been satisfactorily achieved, but 
nonetheless it seems a pity that the revi- 
sion has not been more widespread. It 
is the reviewer’s opinion that the chap- 
ters concerning rocket control and long 
range rockets are stil] written at a low 
technical level, and from the point of 
view of the considerable number of 
engineers actively engaged in this field, 
the book loses some of its appeal. In 
a future edition it is felt that these chap- 
ters should be re-written completely, or 
dropped altogether from the book. 

However, in defence of the author, it 
must be remembered that he has been 
unable, for obvious reasons, to draw upon 
the great body of material under security 
classification. Largely because of this, 
workers in combustion research and 
missile dynamics laboratories will no 
doubt smile wryly when pursuing some 
parts of the book. Even so, it is con- 
sidered that the book manages to “ put 
across” the general problems of rocketry 
with a considerable success and is con- 
sequently worthy of a place on the book- 
shelf belonging to anyone with an interest 
in this fascinating subject. 


A. E. MAINg. 


The Principles of Physical Optics 
By Ernst Mach. 324 pp., 280 figs. Demy 8vo. 
Dover Publications, Inc., New York. 1954. Price 
$2°75 (paper cover), $3°50 (cloth cover). 

HIS new Dover edition is an un- 
abridged republication of the English 
translation by Dr. J. S. Anderson and 
Dr. A. F. A. Young, first published in 

1926. Like most great classics of science, 
this book is studied today more for its 
valuable philosophical and historical ap- 
proach than for its “ up-to-dateness.” For 
the student of science this treatise offers 
a classical examination of the propaga- 
tion of light, theory of colour, polariza- 
tion, etc. 


Electrical Engineers’ Reference 
Book 


Edited by E. Molloy, M. G. Say and R. C. 
Walker. 7th Edition. 1,000 pp., 200 figs. Demy 
8vo. George Newnes Ltd. 1954. Pri 

HIS new edition has been extended to 

include several new sub-sections. Each 
of the main technical sections is a self- 
contained treatise on a specific branch 
of the subject written by a recognized 
authority. There are thirty-two sections 
in all and it is a comprehensive work of 
reference, providing a summary of latest 
practice in all branches of electrical engi- 
neering. 
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Meetings this Month 


THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 


te: 27 October. Time: 6 . 
Bald at: The London School of ches and 
Tropical Medicine, Keppel Street, Gower 
Street, W.C.1. 


Annual General Meeting of The Institution, 
followed at 7 p.m. by the Presidential Address 
of Rear — + May tay d Clarke. 

a og 
ate: 6 PW... 

Belg. at: Cardiff College of Tuchasliay, ‘Cathays 
Park, Cardiff. 

Lecture: The Design of Switching Circuits. 

By: Emrys Williams. 

Scottish Section 

Date: 7 October. Time: 6.30 p.m. 

Held at: The Institution of Engineers Xe Ship- 
builders, Elmbank Crescent, Glasgo' 

Annual General Meeting followed ay : debate: 
Does Industry Want Electronics? 

Merseyside Section 
Date: 7 October. Time: 7 p.m, 
Held at:- Liverpool University Buildings, Liver- 


ik. 
ices: The Cyclotron. 
By: M. J. Moore 
North Eastern ow 
Date: 13 October. Time: 6 p 
Held at: Neville Hall, Westgate Road. ‘Newcastle- 
upon-Tyne. 
Lecture: Radio Production. 
By: 


Wood. 
THE BRITISH KINEMATOGRAPH 
SOCIETY 
Date: 6 October. Time: 7.15 p 
Held at: The Gaumont British Theatre, Film 


House, Wardour Street, London, W.1 
The Presidential Address by H. S. Hind. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS 


All London meetings, unless otherwise stated, 
will be held at the tyes commencing at 


p.m. 
Date: 7 Octobe 
Inaugural Presidential Address. 
By: J. Eccles. 
Education Discussion Circle 
Date: 12 October. Time: 6 p. 
Discussion: The teaching of the 
Electro-magnetism. 
Opened by: K. J. R. Wilkinson. 
Radio Section 
Date: 13 October. 
Chairman’s Address. 
By: C. W. Oatley. 
Date: 25 October. 
Discussion: Whether Compatibility is necessary 
for a Colour Television System in Great 
Britain. 
Opened by: E. P. Wethey. 
Supply Section 
Date: 27 October. 
Chairman’s Address. 
By: J. D. Peattie. 
East Midland Cute 
Date: 12 October. Tim 
Held at: Loughborough Colleg e. 
Chairman’s Address and Aenea General Meeting. 
Cambridge Radio Group 
Date: 12 October. Time: 6 p.m 
Held at: The Cambridgeshire Technical College. 
airman’s Address. 
ersey and North Wales Centre 


m. 
subject of 


6.30 p.m. 


Date: 11 October. Time: 6.30 p.m. 
Held at: The Liverpool Royal Institution, 
Colquitt Street, Liv 1. 

irman’s Address: Cables—Some Post-War 


rends. 
By: P. R. Dunn. 
ee Saggy § 
Date: 11 Octobe 6.15 p.m. 
Held at: The Neville Hall, Wesigate Road, New- 
castle-upon-Tyne. 
Chairman’s Address. 
North-Eastern Radio and Measurements Group 
Date: 4 October. Time: 6.15 p 
Held at: King’s College, Nouxeslla-apas-Tyne. 
Chairman’s Address. 
Tees-Side Sub-Centre 
Date: 6 October. Time: 6.30 p.m. 
Held at: The Cleveland Scientific and P Technical 
Institution, Middlesbrough. 
Chairman’s Address. 
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North Midland Centre 


Date: 5 October. Time: 6.30 p.m 
Held at: The offices of the ie Electricit oo 4 
Authority, Yorkshire Division, 

Road, Leeds. 


a Lf Address. 


h Midland Utilization Group 

Date: 1S Santer (Time and an as for 
North Midiand Centre.) 
err Electricity in the Wool _— Industry. 
. Francis and T. Carr 

Sheffield Sub-Centre 
Date: 20 October. Tim 30 p.m. 
Held at: The Grand Hotel, Sheffield. 
Chairman’s Address. 

North-Western Come 
Date: 5 October. Time: 6.30 p 
Held at: The Engineers’ Club, Albert, Square, 

Manchester. 

Chairman’s Address. 


North-Western Measurements Group 

Date: 26 October. Time: 6.15 p.m 

Held at: The Engineers’ Club, Albert Square, 
Manchester. 

Discussion: Will it be Possible to Abolish Meters 
Entirely? 

Opened by: H. S. Petch and M. Whitehead. 

North-Western ieae oy 

Date: 20 October. : 6.45 p 

Held at: The Engineers’ THRE yy Sg Square, 
Manchester. 

Lectures: The Measurement of the Small-Signal 
Characteristics of Transistors. 

By: E. H. Cooke-Yarborough, C. D. Florida 
and J. H. Stephen. 

A Versatile Transistor Circuit. 

By: E. H. Cooke-Yarborough. 

The Transistor Regenerative 
Computor Element. 

By: G. aplin. 

North-Western Supply a 

Date: 19 October. 6.15 p.m. 

Held at: The Engineers’ La ‘Albee Square, 
Manchester. 

Lecture: The Possibilities of a Cross Channel 
Power Link between the British and French 
Supply Systems. 


By: D. P. Sayers, M. E. Laborde and F. J. 
Lane. 


Amplifier as a 


North Scotland Sub-Centre 
Date: 13 October. Time: 7.30 p 
Inaugural Dinner at the Caledonian Fiotel and 
Chairman’s Address. 
Date: 14 October. Time: 7 
Held at: The Electrical Engineering cnrennt, 
University College, Dundee. 
Chairman’s Address. 
South-East Scotland Sie 
Date: 5 October. Time: 7 p.m. 
Held at: The Carlton Hotel, North Bridge, Edin- 
burgh. 
Chairman’s Address. 
Date: 19 October. (Time and place as above.) 
Lecture: An Analogue Computor for use in the 
Design of Servo-Mechanisms. 
By: E. E. Ward. 
South-West Scotland Sub-Centre 
Date: 6 October. Time: 7 p.m. 
Held at: The Institution of Engineers and Ship- 
builders, 39 Elmbank Crescent, Glasgow. 
Chairman’s Address. 
South Midland Centre 
Date: 4 October. ime: 6 
Held at: The James Watt Memorial Institute, 
Great Charles Street, Birmingham. 
Chairman’s Address. 


THE TELEVISION SOCIETY 


Date: 8 October. Time: 7 p.m 

Held at: ro : een Aysane, London, W.1. 
Lecture: ‘Roving Unit. 

By: P. Worswick and CQ. Leib 


Date: 28 October. (Time and pa xl as above.) 

Lecture: An Unconventional Television Wire 
Distribution System. 

By: E. J. Gargini. 


THE RADIO SOCIETY OF GREAT 
BRITAIN 


Date: 22 October. Time: 6.30 p.m. 
Held at: The Institution of Electrical Engineers, 
Savoy Place, London, W. 
a he Transistors and Crystal Valves in Radio. 
. R. Bettridge. 
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PUBLICATIONS 
RECEIVED 


THE ORGANIZATION OF APPLIED 
RESEARCH IN_ EUROPE, THE UNITED 
STATES AND CANADA have recently pub- 
lished, in three volumes, a report of the 
Technical Assistance Missions. Volume I is a 
comparative study between the United States and 
Canada on the one hand, and Europe on the 
other. Volume II is a_ review of applied 
research in Western Europe and Volume III gives 
the position on applied research in the United 
States and Canada. Printed by the O.E.E.C. 
these volumes may be obtained from 2 rue 
André-Pascal, Paris l6e, at 6s., 12s., and 8s. 
respectively. 


VALVES FOR A.C. MAINS OPERATED 
F.M./A.M. RECEIVERS is a brochure which 
gives details of the characteristics, performance 
and special applications of six B9A (Noval) based 
valves. Mullard Ltd, Century House, Shaftes- 
bury Avenue, London, 4, oe 


RADIO RESEARCH 1953 iricludes the report 
of the Radio Research Board and the report 
of the Director of Radio Research and describes 
the work carried out during the year. It is 
repared by the Department of Scientific and 
ndustrial Research and published by Her 
Majesty’s Stationery Office. Price 1s. 9d. 


DECIBEL TABLES POWER AND VOLTAGE 
RATIOS is a paper reprinted from the British 
Sound Recording Association’s official journal of 
January, 1954. Copies may be obtained from 


the Hon. Librarian, British Sound Recording 
Association, 3 Coombe Gardens, New Malden, 
Surrey. Price 1s. 2d. 


TV MANUFACTURERS’ RE c be A VER 
TROUBLE CURES, VOLUME 5, HIG GHTS 
OF COLOUR_ TELEVISION, TECHNICIAN'S 
GUIDE TO TV PICTURE TUBES, INTRO- 
DUCTION TO COLOUR TELEVISION AND 
HOW TO LOCATE AND ELIMINATE RADIO 
AND TELEVISION INTERFERENCE _ are 
recent publications of John F. Rider Publisher, 
Inc. 480 Canal Street, New York, U.S.A 

They apply to ‘American practice and should 
prove of interest to the television enthusiast. 


WHAT EVERY ENGINEER SHOULD KNOW 
ABOUT RUBBER is a book published by the 
British Rubber Development Board. Over half 
is devoted to _ specific engineering uses of 
rubber. In the remainder, the sources, properties, 
manufacture and testing of rubber are covered. 
The author, W. J. S. Naunton, was formerly in 
charge of the Rubber Laboratories of Imperial 
Chemical Industries. Ltd. The British Rubber 
Development Board, Market Buildings, Mark 
Lane, London, E.C.3. Price 3s. 6d 


SOME ASPECTS OF INDUSTRIAL NOISE 
AND VIBRATION MEASUREMENT is a paper 
which discusses the necessity for noise and vibra- 
tion measurements in industry, and continues 
with an explanation of sound radiation funda- 
mentals. The desirable features and types of 
vibration pick-ups are mentioned. E. Cawkell, 
we Arcade, The Broadway, Southall, 
iddx. 


MEMORANDUM ON GAMMA - RAY 
SOURCES FOR RADIOGRAPHY is the second 
edition of one which was first published in 1952. 
The subject matter has been brought up to date 
and has been extended in many respects, particu- 
larly as regards the number of _ radioactive 
materials that receive consideration. The prepara- 
tion has again been in the hands of a Committee 
of the Non-destructive Testing Group (formerly 
the Industrial Radiology Group) of the Institute 
of Physics. The intention has been to provide a 
brief statement on gamma-ray sources for radio- 
graphy, particular reference being made to the 
products of the Atomic Energy _ Research 
Establishment and the Radiochemical Centre. 
The Institute of Physics, 47 Belgrave Square, 
London, S.W.1. Price 3s. 6d 
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The Radio Industry Council an- 
nounces that it plans to hold a radio and 
television exhibition, the second Nor- 
thern Radio Show since the war, at the 
City Hall, Manchester, in May next. 


The Council of the Institution of 
Electrical Engineers has arranged for 
the jubilee of the thermionic valve to be 
celebrated by the Institution on 16 
November, fifty years exactly from the 
date of the application by Sir Ambrose 
Fleming for the British patent for his 
thermionic valve. The proceedings will 
be opened by the Lord President of the 
Council, the Marquess of Salisbury, and 
three lectures will be delivered, one each 
by Sir Edward Appleton, Professor 
G. W. O. Howe and Dr. J. Thomson, 
dealing with valves from the earliest 
developments to the present day. An 
exhibition of historical apparatus will be 
held at the Institution in association with 
the Celebration. 


The Manchester Municipal College of 
Technology is organizing Post 
Advanced lectures in electrical and 
mechanical engineering in the forth- 
coming session. The courses include 
lectures on Transistor Electronics, Auto- 
matic Control in Industry, Transient 
Electrical Phenomena and Information 
Theory. Details of these courses may 
be obtained from the Registrar, College 
of Technology, Manchester, 1. 


The Isotope School, Harwell, has 
arranged a special course on Auto- 
radiographic Techniques lasting four 
days, to be held from 13-16 December, 
under the direction of Dr. S. R. Pele of 
Hammersmith Hospital. The course will 
comprise lectures, demonstrations and 
practical work. The fee for the course 
is £8 and applications should be made 
to the Isotope School, A.E.R.E., Har- 
well, near Didcot, Berkshire. 


Borough Polytechnic announce 
courses on the following subjects: The 
Fundamentals of Pulse Techniques, 
Crystal Valves and Transistors, Nucleonic 
Circuitry. Details may be obtained from 
the Department of Electrical Engineering 
and Physics, Borough Polytechnic, 
Borough Road, London, S.E.1. 


Guest, Keen and Nettlefolds Ltd and 
the Mercast Corporation of New York 
have formed a company under the name 
of Mercast (Great Britain) Ltd to 
license firms in the United Kingdom and 
the British Commonwealth, excluding 
Canada, to use the Mercast process. This 
is a method of investment casting in 
which patterns of frozen mercury replace 
the more usual wax patterns, permit- 
ting closer tolerances, smoother finish 
and the ability to make more compli- 
cated and larger castings than are prac- 
ticable with the lost wax method. The 
chairman of the new company is Mr. 
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Short News Items 


G. R. Sankey of Joseph Sankey and 
Sons Ltd, Bilston, Staffordshire. 


The BBC, following the announcement 
by the Minister of Agriculture giving 
his consent to the construction of a 
television and sound broadcasting station 
at North Hessary Tor, Dartmoor, will 
proceed immediately with the construc- 
tion of a permanent television and 
V.H.F. transmitting station which will 
include a 750ft mast. It is hoped that 
the television station can be completed 
by the end of 1955 and the V.H.F. 
station during 1956. 


Mullard Ltd. announce that Mr. A. W. 
Welton has been appointed to the board 
of directors. Mr. Welton has _ been 
continuously associated with the Mullard 
group of companies since he joined the 
Mullard Radio Valve Co Ltd in 1923. 
He is already a director of Mullard 
Overseas Ltd and Mullard Wireless 
(Near East) Ltd. 


Mr. B. C. Fleming-Williams has been 
appointed general manager of Sylvania- 
Thorn Colour Laboratories Ltd. This is 
a new company jointly owned by 
Sylvania Electric Products Inc of the 
United States of America and Thorn 
Electrical Industries Ltd. The new 
company is engaged on research and 
development work on colour television, 
including the design of cathode-ray tubes 
and upon problems arising from the 
application of semi-conductors to the 
electronics industry. 


United Marine (1939) Ltd,  inter- 
national transport and export packers, 
have installed a temperature and 
humidity control plant at their Sidcup, 
Kent, works. This has been installed 
as a result of constant research carried 
out in the improvement of methods and 
processes employed in the preservation 
and tropic proofing of vulnerable 
electronic equipment. Previously it had 
been found that, despite all protective 
precautions, a certain amount of cor- 
rosion had affected delicate parts of 
equipment prior to the  pre-packing 
stage. 


Giannini Ltd is a newly formed com- 
pany, an affiliate of G. M. Giannini & 
Co Inc, the American instrument and 
control manufacturers of New York, The 
new company intends to negotiate licenses 
for the manufacture of equipment to 
Giannini designs for the British Com- 
monwealth and Empire, excluding 
Canada. Any inquiries should be sent 
to Mr. Dykes, 31 Pembroke Gardens, 
London, W.8. Telephone Western 9493. 


The Ministry of Supply announces that 
Dr, W. H. Penley has been promoted to 
the rank of Deputy Chief Scientific 
Officer and has been appointed Senior 
Superintendent, Guided Weapons, Radar 
Research Establishment, Malvern. 
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Hadley Sound Equipments Ltd have 
installed a twelve point loudspeaking 
intercommunication system in the Fleet 
Street, London, headquarters of the 
Press Association. 


The Physical Society and Institute of 
Physics are holding a Joint Colloquia 
Electron Physics Meeting at 2 p.m. on 
Thursday, 21 October, at the Research 
Laboratories of the General Electric 
Co Ltd, Wembley. Accommodation is 
limited and should be reserved primarily 
for those who have a specialized interest 
in the subject. Those wishing to attend 
should apply to the Secretary, Electron 
Physics Colloquia, Physical Society, 
Prince Consort Road, London, S.W.7, as 
soon as possible, and by not later than 
10 October. 


Mr. J. S. Clark, joint managing direc- 
tor of A. C. Cossor Ltd, has been 
elected vice-chairman of the British 
Radio Equipment Manufacturers’ Asso- 
ciation. 


Scope Laboratories, Melbourne, 
Australia, have appointed Enthoven 
Solders Ltd as sole distributors of the 
Six Second Scope Soldering Iron for the 
whole of the British Isles. 


The Atomic Energy Authority an- 
nounces that Mr. W. R. J. Cook, Chief 
of the Royal Naval Scientific Service, 
has been released from his present post 
to take up that of Deputy Director of 
the Atomic Weapons Research Estab- 
lishment, Aldermaston. 


Marconi’s Wireless Telegraph Co Ltd 
announce that, following upon a con- 
tract signed in 1952 for the supply to 
Italy of Marconi Band III television 
transmitters, together with studio and 
outside broadcasting equipment, they 
have now received a substantial repeat 
order. The new contract, placed by 
Radio Audizione Italiana through 
Marconi Italiana, orders complete equip- 
ment for two further television outside 
broadcast units, the equipping of another 
two-camera studio, and a large quantity 
of monitoring apparatus. 


The Radio Trades Examination Board 
and the City and Guilds of London 
Institute have recently announced the 
results of the Radio and Television 
Servicing Certificate Examinations held 
in 1954. Candidates sat the Radio 
Servicing Certificate Examination at 24 
centres throughout the United Kingdom 
and the examination was held for the 
first time in Dublin. Of the 367 candi- 
dates, 143 passed, 96 were referred and 
128 failed. The Television Servicing 
Certificate Examination was taken by 
104 candidates at seven centres. Fifty- 
five candidates were successful and 20 
referred in the practical test. 
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The close tolerances to which JMC 


precision drawn resistance wires are 








| oo 
manufactured are not easily achieved. a ae nS gad 
Only by applied experience and by / / 
ry 
rigorous control at every stage of / | 


production—from the sizing and 
polishing of the die to the final ; 
packaging—are such exceptionally \ \ 


high standards maintained. 


JMC precision drawn resistance wires, 
available in a wide range of materials 
and diameters and with several forms 

of insulation, cater for every known 
application in modern technical, 
electronic or instrument 


engineering practice. 


ne of the Specialised Products of 


Johnson “’y Fe 


Materials ’’ gives full 
details of JMC precision 
drawn resistance wires. 
Copies are free on 
request. 


All JMC precision resistance 

wires are supplied packed in 

a plastic capsule that affords 
complete protection. 


Matthey 





JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.l 
Telephone: HOLborn 6989 Vittoria Street, Birmingham, |. Tel.: Central 8004. 75-79 Eyre Street, Sheffield 1. Tel.: 29212 
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SERIES 600. A.C. OPERATED. 
SERIES 605. D.C. OPERATED. 
CONTACTS UP TO 6 POLE. 





SERIES 1265. 2 POLE UP TO 25 AMPS. 
SERIES 1275. 4 POLE UP TO 10 AMPS. 
COILS D.C. OPERATED. 





SERIES 151. A.C. OPERATED. 
SERIES 156. D.C. OPERATED. 
CONTACTS 15/20 AMPS. 2 POLE. 





SERIES 100. A.C. OPERATED. 
SERIES 105. D.C. OPERATED. 
CONTACTS UP TO 6 POLE 








SERIES 595. D.C. OPERATED. 








PHONE : NEWMARKET 3181-2-3 TELEGRAMS : MAGNETIC NEWMARKET 


MAGNETIC DEVICES LTD 


NEWMARKET 
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L - ari on 10 ke/s 
ACCURATELY MEASURED C- ari or 10 ke/s 





‘ R- at vc. 


INDUCTANCE, CAPACITANCE, RESISTANCE and power factor mea- 
sured quickly and accurately on this self-contained and robust 
instrument. Its industrial-designed appearance fits well in modern 
surroundings and partners its outstanding electrical performance. 


UNIVERSAL BRIDGE TYPE TF 868 /I 


Inductance from 1/4H to Single direct reading Continuously variable a.c. 
100H, Capacitance from LCR. dial—no multi- bridge voltage and auto- 
1.p4F to 100/F, and Resist- matic detector sensitivity 
ance from 0.10 to 10MQ. plying factors involved. control. 


MARCONI INSTRUMENTS 





MARCONI INSTRUMENTS LIMITED - ST. ALBANS - HERTS - Telephone: St. Albans 6161 7 
Midland Office 9 The Parade eamington Spa Northern Office : 30 Albion Street, Kingston-upon-Hull 


Export Office: Marconi House, Strand, W.C.2 
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The scientific approach to 
vibration measurement 


THE D-489 MUIRHEAD-PAMETRADA 
WAVE ANALYSER 


ITH the Muirhead-Pametrada Wave Analyser the localization of obscure 
WY voces can be carried out systematically. Designed specifically for such 
measurements, this instrument covers a range of 19 - 21,000 c/s with an accuracy of 
+0.5%. Its high selectivity enables component frequencies close to one another to 
be measured ; the flat top of the tuning characteristic can be varied to simplify 
measurements of fluctuating frequencies. 
In almost every branch of engineering there is a use for this novel instrument. 


FEATURES 


@ Wide frequency band—1I9c/s to 21 kc/s in 9 @ Flat-topped response curve—narrow or wide band- 
overlapping ranges width selected at will 


@ Frequency accuracy + 0.5% over entire range © Off-peak response proportional to percentage mistuning 


© Response flat within + 2db over entire range © Output frequency is that of the selected component only, 
and is available for oscilloscope viewing 


© Octave discrimination better than 70db 


®@ Mains operated from a separate stabilised supply unit 


|; POST THIS COUPON FOR 
| DESCRIPTIVE BROCHURE 


WHICH WILL BE SENT FREE ON REQUEST 




















eee | 


MUIRHEAD & CO. LTD - BECKENHAM - KENT - ENGLAND 
MAKERS OF HIGH GRADE PRECISION ELECTRICAL INSTRUMENTS 
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SILICONE INSULATION 













in electronic equipment 


























Silicone-bonded insulation includes resin- 
bonded glasscloth laminates in rod, tube 
and sheet form that can be machined and 
fabricated ; varnished glasscloth from 0.004in. 
thick; micanite and mica/glasscloth; varnished 
glasscloth and silicone rubber sleevings and 
silicone-enamelled winding wire. Coils are 
impregnated with silicone varnish MS997. 
Silicone insulation will withstand operating 
temperatures at least 50°C. higher than con- 
ventional insulation. Where extreme com- 
pactness of design is necessary, particularly if 
excessive temperature rises are likely, silicone 
insulation is recommended. 


100.000 


10,000 





A recent, typical example of a component designed for silicone 
insulation is the power transformer made by Marconi’s Wireless 
Telegraph Co. Ltd. for use in B.B.C. television cameras. These 
transformers are insulated with silicone-bonded materials and 
impregnated with silicone varnish for operation up to 150°C. 
By using silicone insulation the transformers give more power 
per pound weight than with any other form of insulation. 


LIFE IN HOURS 


1,000 


100 4 , 
THIS GRAPH compares the thermal endurance of silicone varnishes. The “ life” 


is based on the hours necessary to reduce the electric strength of varnished glasscloth 

to half its initial value. Measurements were made on strips of heat-cleaned 0.004 in. 

150 200 250 300 — glasscloth. Each strip was dip-coated with the varnish, cured and then dipped and 
DEGREES CENTIGRADE cured again to give a finished thickness of 0.007 + 0.001 in. 





50 





Write for full information to 


MIDLAND SILICONES LTD 







ALIS 








me (An associate company of ALBRIGHT & WILSON LTD.) yteny 
19 UPPER BROOK STREET: LONDON: W.1. (Tel: Gi 4551) 
SILICONES pei SILICONES 
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The Metrovick 
Stabilised D.C. iw Unit 


N laboratories and meter testing 

stations there is often a demand 
for a highly stable d.c. voltage supply. 
The Power Unit, Type 222, has been 
produced to satisfy this demand. 


SPECIFICATION 

Supply : 200/250V, A.C., 50 cjs., 
single-phase. 

Output : Between 660 and 680 volts 
D.C. (fixed) at up to 250 mA. 
Stability: |§ Maximum drift over 1o min-4 

parts in 100,000. 
Maximum drift over 1 hr-1°5, 

parts in 10,000. 
These figures apply for tains 
input changes not exceeding 
+ 5% after. warming up 
period of two hours. 

Output Impedance: Better than 0-1 ohm. 
Output Ripple: Approximately 2mV r.m.s. 
Stabilised D.C. Power 


Unit, complete with 
Voltage Divider Type 292 


METROPOLITAN-VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK - MANCHESTER 17 


Member of the A.E.I. group of companies 





R/E 904 
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CO-AXIAL 
SEALED 
PLUGS 
AND 


SOCKETS 











TYPE APPROVED— 
COMPLYING WITH R.C.S. 322 
PRESSURE SEALED AND 
100% TESTED 
USED WITH UNIRADIO 32 
OR 43 CABLE 





ARB — APPROVED 


EXNING RD., NEWMARKET POWER CONTROLS PHONE: NEW 3181/2/3 


eS eu ite ome Bee Site 
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PAINTON WINKLER SWITCH 
PAINTON & CO. LTD. have entered into 


an exclusive arrangement with Eduard 
Winkler Apparatebau of Nuremberg, 
Germany, to manufacture and market the 
well-known Winkler Precision Multi-Way 


Switches. 


Switching up to 30 positions per bank. 
Adjustable stop to set number of positions. 
Single, Double, Three-Pole or Four-Pole designs. 
1 to 6 Banks operated from common shaft. 
Distinctive design Knob, with adjustable skirt. 


INTON 
othampton Ongland 
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THE 


SCALAMP 


ELECTROSTATIC VOLTMETER 


For high voltage measurements at zero current drain the “SCALAMP” 
ELECTROSTATIC VOLTMETER is the ideal instrument.* With a three- 
second period and hairline-spot indicator on a clear open scale, measurements can 
be taken with great rapidity and ease. The instrument is completely 
self-contained, all components being enclosed in a robust dust-proof plastic case 
mounted on resilient feet. Lamp illumination is effected from the mains-supply 
through a built-in transformer or from an external 4V battery. 

Please write for descriptive leaflet. 


RANGES 


Cat. No. E.E. 11308 / to 5 kV (a.c. or d.c.) 
E.E. 11309 3 to JO kV (a.c. or d.c.) 
E.E. 11310 5 to 18 kV (d.c.) and 5 to 12 kV (r.m.s. on a.c.) 


*vide page 100 of Television Engineers’ Pocket Book—a Newnes Publication. 


» 
CIENTIFIC( >) [instTRUMENTS 


W. G. PYE & CO. LTD... GRANTA WORKS, CAMBRIDGE, ENGLAND 


WG.62 
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‘CERAMIGAPS’ for your 
Li\=} Storage Unit! 


TESTED ) 


The LAB Continuous Storage Unit is widely acknowledged 
as the most efficient and convenient method of storing and selecting 
resistors. Now its usefulness is still further extended 
with the introduction of LAB pak’d ‘ Ceramicaps’. 
With the LAB Unit, research and experimental 
laboratories and small production groups 
have to hand immediately, a complete range 
of resistors and ‘Ceramicaps’, easily selected 
with card index simplicity from some 700 
sorted and carded components. Empty cards 
are merely replaced with full ones 
from stock. 

The LAB unit is supplied 
FREE with initial purchase 
to your specification. 
Standard assortments 
available. Each LAB Unit 
can be used to store one type 
of component exclusively, or 
quantities of the complete 
range of resistors and 
‘Ceramicaps’. Full details and 
illustrated list will be sent on 

application. 


{ 
< , 
) 


, 





RESIST ORS nee: 
Type Loading seen, | Range | Dimensions co NTI N U Oo U S 


5 watt + watt 250 10 ohms ex 4” 


+ watt I watt 500 | acne x3" STO RAG E U N IT 
Tolerance available + 20%, 10%, 5% 


HIGH STABILITY RESISTORS 
| + watt + watt 750 | ohm 








to 500 1.1 x 0.1" 


Tolerance available 15% 21% % Continuous Storage for 


WIREWOUND RESISTORS ; 6 i ’ 
S ohms to 160K ohms — 5-10 watts Resistors and ‘Ceramicaps 
* CERAMICAPS ’ 


Tubulars 3- 470 pf Tolerances +2%, 10% 
500 - 5000 pf Hi-K 

















% Values separately carded 





The Lab Continuous Storage Units are available from your normal source 


of supply, but more detailed information can be obtained from * Finger-tip Selection 


THE RADIO RESISTOR COMPANY LTD 


50 ABBEY GARDENS - LONDON - N.W.8 - Telephone: Maida Vale 5522 
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GECALLOYT CORES 




















serve the 
Telecommunication Industry 


FROM LOWEST to HIGHEST FREQUENCIES 
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‘ | ToroiDs. | | Cores. | 
1Q0ys IKe/s. 10 Kes. 100Ke/s. IMc/s wMes. wWOMcs 1000Mc,s 
FREQUENCY 





® 
S 








¢ 
S 
4 























PEEL WORKS 


For further details apply to :— 


SALFORD ELECTRICAL INSTRUMENTS LTD. 
- SILK STREET - : 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 


SALFORD 3 LANCS 
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Gomputing Amplifier 


This D.C. amplifier is designed for high SPECIFICATION 
accuracy or high speed analogue computing 
with pen recorder or C.R.T. presentation as 

appropriate. It is a triple circuit unit consisting en angele, 2x 0 st ame 

é . ‘ . drift corrected frequency 
of a high-gain drift corrected channel convertible (high gain) 
to a lower gain circuit by remote control. The 

main amplifier may be used for summation, Main amplifier 5 x 108, 6 dbs 

. differentiation, integration and as a general (low gain) down at 11 Ke/s 
D.C. lifier. i 

purpose 3.0 — ier A Techn cal Date Sign reversing 2x 103, 6 dbs 

Sheet is available on application. amplifier down at 20 Ke/s 


SAUNDERS? ROE 


LIMITED 


(ELECTRONICS DIVISION) OSBORNE - EAST COWES - ISLE OF WIGHT 


INTERNAL GAIN 
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: ; CATHODE RAY 
eT Tt 


MINIRACKB ISTHE Ua 


‘cee see es a 
‘ | : ENGINE INDICATOR 


The ME 112 Single-Channel Indicator is intended for test and development work on internal 
combustion engines, compressors and machines of all kinds. It has a frequency-modulated 
carrier amplifier for variable capacitance and inductance pick-ups and a drift-corrected direct- 
coupled amplifier for variable resistance pick-ups and strain gauges. 

A large flat screen cathode-ray tube of the post-deflection accelerator type is used and one of our 
Universal Cameras that take still, continuous feed and drum records is built in. 

Amplifiers are provided for applying crank-angle degree marks to the diagram and synchronisation 
can be effected by pulse, contact or photo-cell methods. This is a first-class Indicator for the 
expert Engineer or Research Worker. 

Write for our catalogues describing all our transducers, amplifiers, single and multi-channel 
Oscillographs and Indicators, Cameras, Auto-Developers and accessories. 


SOUTHERN INSTRUMENTS LID 
CAMBERLEY SURREY 
Telephone: Camberley.2230 (3 lines) Telegraphic Address: Minrak, Camberley, England 
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Stondord 


magnetic alloys 
for component designs 





of maximum efficiency 


PERMEABILITY (B/H) 





FLUX DENSITY—GAUSS (B) 


Relationship between flux density, permeability 
and magnetizing force for the various grades 
of PERMALLOY and V-PERMENDUR. 


0.001 O01 0.1 10 10 se 
MAGNETIZING FORCE—OERSTEDS (H) 


H quality and consistency, backed by first-class service, 
are important features in this range of Standard magnetic alloys. 
As large-scale users of Permalloys in communication, electronics 
and other fields, Standard enjoy the unique advantage of 
observing these alloys under normal working conditions, a factor 
which has played an important part in their development. 





Please ask for 
further particulars. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, W.C.2 
TELEPHONE LINE DIVISION: North Woolwich, London, E.16 
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Says the SUPERFLOCTOPUS :— 


“Cross my heart Sir, 
— you'll never find 
anything BETTER—” 

















% Sees Sis rein Roan oD e oa ae 


IN WATER-PROOF AND OIL-PROOF 
FLEXIBLE 


ELECTRICAL CONDUITS 


— this range is specially manufactured to give maximum flexibility with the utmost 

protection under each of their specified conditions of service. These Superflexit 

Conduits have standard End Fittings as illustrated, designed and fitted to allow 

severe strains. Full details of these special-duty Conduits will be gladly sent on 
application to the address below. 


Send for fully descriptive leaflet to :— 





j 
—~ 
} ; om | 
} 
' | 
Adonai eso 


LIMITED 
TRADING ESTATE - SLOUGH - BUCKS 
Telephone : SLOUGH 24561 (5 lines) Telegrams : ‘FLEXIBLE SLOUGH ”’ 
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TRANSFORMER PROBLEMS 
WE HAVE SOLVED... 
pau /T27 


ON 
aty RIALS 








1V 


a 
{Implementing the policies of N.A.T.O. has brought its own problems not the least of which 
are the varying electrical properties of the actual raw materials selected for electronic and 
radio equipment and components. The news that Gresham Transformers have completely 
and‘ successfully met the requirements of American Specification MIL/T27 is yet another 
achievement which goes to prove that— , 
; 


oe —To Every Transformer Problem 


Ps There is a GRESHAM Answer 


4 
4 
/ 


(GRESHAM) 


TRANSFORMERS LTD 




















MUD IDILESIEX 

















TWICKENHAM ROAD, HANWORTH, MIDDX. FELtham 2271-4 
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Meet a man of ma ny parts . . « Every bit of him plays its role in 


products by well-known manufacturers. And every bit of him 


was injection moulded by the lively lads at Lorival. 


- 
. 
+ 
. 
. 
. 
+ 
7 
. 
. 
. 
+ 
. 
. 
. 
. 
© 
. 
~ 
. 
. 
. 
. 


Cistern float, in polythene sh x . & Lorival designers 
Grommet, in polythene S18 


Separator guard, in polystyrene ——_ solve plastic problems 


Battery vent plug, i lystyren 4 ° 2 
BRAS apo tOm a ry speedily and economically. 
Battery vent plug, in polystyrene eee : de 

Toilet seat pillar, in polythene ~— al Ob Ee, If injection mouldings can 


Refri ver, in polystyrene . “ > ; 
sduegernalag Pigs cae “ ’ answer your problem 

Dental display stand, in polystyrene : ; 

Separator guard, in polystyrene . | —leave it to Lorival ! 


-Zra™™OOaOea > 


=: 
LB 


ee ee ee ee ee 2 ee 





ete e tele e etc ce ees He a i . Bm co oeeeeee*® 
ea wn =o 


To LoRIVAL 
= eo 
LORIVAL PLASTICS 
UNITED EBONITE & LORIVAL LTD., LITTLE LEVER, NR. BOLTON, LANCS 
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LAMINATIONS FROM 
ALPHASIL GRAIN-ORIENTED STEEL, 


0:013” in thickness, for all types of Transformer Cores. Also 
available 0.0045” in thickness for high-frequency applications. 
The sheets from which the Laminations are produced, 0°013” in 


thickness, have the following guaranteed maximum watts losses 

when tested with the flux path parallel to the direction of rolling, 

at an induction of |5 kilogauss and a frequency of 50 cycles. 
Alphasil 37 


Alphasil 40 
Alphasil 44 


maximum 0°51 watts per Ib. 
maximum 0:56 watts per Ib. 
maximum 0°62 watts per Ib. 


RICHARD THOMAS & BALDWINS LIMITED 


Cookley Works, Brierley Hill, Staffs. 
Head Office : RTSC HOUSE, PARK ST., LONDON, W.! 











B.M.B. MINIATURE BALL BEARINGS 
FIT SHAFTS AS SMALL AS 0:040in. 


They’re accurate to millionths 


and good for years ahead 


In the manufacture of their extensive range of aircraft, 
marine and industrial instruments, Kelvin & Hughes Ltd., 
London, leave nothing to chance, well knowing that unvary- 
ing dependable performance may be a matter of life or death. 
We are proud, therefore, to be helping in our own small 
way to ensure the efficient performance of the Mk. 12 
aircraft turn and slip indicator shown. B.M.B. ball bearings 
are fitted to the gyro athwartship axis and give unfailing per- 
formance under varying conditions of speed and temperature. 
If you make instruments, small mechanisms or machines, 
B.M.B. Super-Precision ball bearings will ensure greatly 
increased efficiency at reasonable cost. 

Ask for latest catalogue. 
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MICROWAVE 


PRECISION INSTRUMENTS 











M L 
ial ll hai 





Full details of our range are given in 
our catalogue which will be sent, on 
request to: 


MICROWAVE INSTRUMENTS LTD. 


WEST CHIRTON INDUSTRIAL ESTATE, 
NORTH SHIELDS, NORTHUMBERLAND. 
Telephone : N. Shields 2817. 
Telegrams : Microwaves, N. Shields. 
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BRIMA 


VALVES 


are more reliable than EVER! 


Rigid control of production processes, a 
ready acceptance of improved manufacturing tech- 
niques, and continual vigilance in the analysis and 
selection of raw materials ensure that every 
BRIMAR valve will do its job more efficiently .. . 
more reliably. 

Modern manufacturing methods backed by an inten- 

sive research and development organisation enable 

BRIMAR to anticipate and meet the changing demands 

of the radio and electronic industries. There is 

bound to be a BRIMAR valve to exactly meet YOUR 

specification. H 

; ; 

how Is the time pcp ope epee pagan 
TV receivers, VHF and =". a 


fo BRIMARIZE, / cpuipment, compucors, avization! 











BRIMAR MULLARD | MARCONI COSSOR 
OSRAM EMITRON 


Use the BRIMAR 


12AT7 


with improved performance 


at 
NO EXTRA COST 





12AT7 ECC8I BI52 & B309 12AT7 




















Stondard Telephones and Cables Limited 


FOOTSCRAY, KENT. FOOtscray 3333 
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Prepackaging 
need NOT 
be a 
headache 











THE PREPACKAGING of 
electronic equipment calls for the skill 

and experience of the specialist. Salterpak are 
specialists, with wide experience in the field of electronics. 
This experience, plus the all-round efficiency of the Salterpak 
organisation, keeps prices remarkably keen—write for 
details of Salterpak service, which includes collection, 
packaging, clearance of all documents, and shipment to 


any part of the world. se SAFER . QUICKER - CHEAPER 





| 

















(Ministry Approved) 


The Prepackaging Division of 
GEO. SALTER & CO. LTD., WEST BROMWICH 
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The day’s output, including much 
electronic equipment at No. 2 Factory. 


SPECIAL STORAGE 


The Ministry of Supply now require all 
electronic equipment and_ packing 
materials to be stored, prior to packing, 
in a temperature controlled chamber of 
low relative humidity. 

We have installed special plant to meet 
with this important requirement. 











M-W.392 





OCTOBER 1954 


tf 








from every 
point of view 





Frequentite is the most suitable insulating material for all high frequency 
applications. Seventeen years ago we introduced the first British-made 
low-loss ceramic, and consultation with us before finalising the design of 
new components is a wise precaution. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Head Office: Stourport-on-Severn, Worcestershire. Telephone: Stourport III. Telegrams: Steatain, Stourport 











S.P.67 
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brandenburg 


high voltage equipment 





made by Brandenburg 


supplied to the world 


These R/F EHT transformers are used in all Brandenburg 
generators. They are also supplied to Government departments, 
to consulting engineers and to manufacturers both at home and 
overseas, They range from | to 20 KV. R.M.S. and the 

coils are wound on special low-loss formers. 


Teleonics will be pleased to help you with any high voltage 
problem and are always prepared to give special quotations for 
quantities. 





From the Brandenburg range 
of standard and specialized 
radio frequency and low frequency 


high voltage equipment 


ELECTRONIC ENGINEERING 


Teleonics | communications | Limited 


196 Dawes Road, London, $.W.6 Fulham 1534 


’Grams—Inland : Anticorona, Walgreen, London 
Overseas : Anticorona, London 
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Write for full 
particulars from 


ase TAYLOR TUNNIGLIFF c*rectons, LTD, 


ALBION WORKS *: LONGTON * STOKE-ON-TRENT 
Telephone: Longton 33122 


London Office : 125 HIGH HOLBORN, W.C.1 


Telephone : Holborn 1951/2 
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he gemsin 
INBRAKC a select circle 


UNBRAKO set screws—gems of precision and hardness—are 


relied upon fora thousand and one applications in every branch 
of engineering. Unbrako screws are made in all standard sizes 
and threads, and those particularly applicable to the Wireless 
and Electrical Industries—from 6 BA Set screws and 8 BA 
Cap screws. 


Available from UNBRAKO distributors throughout the world. 


UNBRAKO SOCKET SCREW CO LTD 
COVENTRY ENGLAND 
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B.B.C. TELEVISION AERIALS 


ate matched to better than 1.1: I vswr 


using Wayne Kerr V.H.F. Bridges 








MODELS B.701 AND B. 801 


Balaticed and unbalanced measure- 
ment from 1-100 Mc/s. 


MODEL B. go1 


For unbalanced measurement from 


50-250 Mc/s. 


These instruments are also ideal for the 
measurement of receiver input admittances. 


(l/lustrated) ; 

The asymmetric sideband filter behind the 
high-power vision transmitter at Holme- 
Moss. 


(By courtesy of the B.B.C.) 











The Wayne Kerr Laboratories Ltd. 
New Malden, Surrey, England 
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CESSING 


A complete range of diffusion pumps 
is available and includes types for 
the efficient movement of gases and 
vapours at low pressures with speeds 
from 50 to 5,000 litres per sec. To 


meet the needs of valving in 





industrial high vacuum systems, a 

Type P4 Type Pé Type P10 
range of vacuum valves is available, 00 ee eee ee ee ee ee a 
Straight through types, right angle 
types and valves with special bodies 
are designed for both manual 


VIA-VAC 


control or automatic operation. 





Type V6K 





Pressure/Speed Graph P10 Mark | 
Diffusion Pump 


Specialist Manufacturers of industrial vacuum 
equipment-consulting service to industry, 


VACUUM INDUSTRIAL APPLICATIONS LTD., WISHAW. LANARKSHIRE 
















CAST RESIN TRANS- 
FORMERS. 

Designed to utilise the present 
range of ‘‘ C ’’ type cores. Com- 
plete mechanical and climatic 
protection. Good heat dissipa- 
tion. Robust terminals and 
fixing bushes. 


Cast Resin 
Transformers. 


Hermetically sealed 
*C” Core Units. 





Potted Compound 
Filied Transformers. 





















o™ 


<IODEN 


C0. LTD 












Transformers. 





Shrouded 1 MOXLEY ROAD 











Sm/W2150 
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HERMETICALLY SEALED “CC” 
CORE UNITS. 

Range comprises 32 sizes covering trans- 
formers from | Va to 2 kVA and the 
usual range of chokes. Conform to 
relevant § inter-Service specifications 
RCS.214 and RCL.215. 


POTTED COMPOUND FILLED 
TRANSFORMERS. 

A wide range of capacities. Vacuum 
impregnation and special compound 
filling. Suitable for exacting industrial 
and climatic conditions. Neat and clean 
in equipment. 


SHROUDED AND OPEN-TYPE 
TRANSFORMERS. 


Combine first class engineering with a 
popular highly competitive product. 
Finest quality materials used throughout; 
vacuum impregnated and rigidly tested. 


In addition to the types shown, we manu- 
facture a great variety of Transformers for 
all electronic applications, Also Power 
Transformers up to 750 kVA. 


Catal Stahl 


4 on req 





WODEN TRANSFORMER CO. LTD 
BILSTON - STAFFS. 
BILSTON 41959 








OCTOBER 1954 











EDDYSTONE 


MODEL ‘770R° 
V.H.F. COMMUNICATIONS RECEIVER 


FREQUENCY RANGE 19 Mc/s. to 165 Mc/s. CONTINUOUS COVERAGE 


Highly efficient signal frequency circuits. 
Substantial diecast rotary coil turret. | 







Excellent frequency stability and | 
selectivity. | 


Accurate re-setting and ease of handling. 


High sensitivity and excellent signal-to- 
noise ratio. 


High quality push-pull output. 
For AM, FM, NFM and CW Signals. 


Robust construction and outstanding 
reliability. 


“*S’’ Meter. Noise Limiter. Muting circuit. 
Preferred type valves. 








@ A.C. operation. 110-250 volts. 40-60 cycles. 
@ Dimensions 162” x 15” x 82”. 
@ Weight 60 Ibs. 


Finest workmanship throughout. 


PLEASE WRITE FOR FULL SPECIFICATION TO THE MANUFACTURERS: 








STRATTON & CO. LTD., ALVECHURCH ROAD, BIRMINGHAM, 31 


LAMINATIONS. 
IN BULK PROMPTLY 











Cc” 
be ell 
to 
tions 
LED ns 
yund 
= 
We supply all types of Laminations 
YPE in bulk promptly. All metals and specifi- 
7 cations in most cases immediately available, including High, 


juct. 





Medium and Low Silicon Alloys. All nickel Iron Alloy Lamination heat treatment is guaranteed. We also 
supply prototypes for all new designs in the shortest possible time that size, type and circumstance permit. 
7 Send us a sample or sketch of your requirements, together with the specification, which will receive 
$ for immediate attention. 


ywer 


out; 
ted. 


ELECTRONIC S| ely 


Telephone : Slough 25171 LIMITED Telegrams : Lamination, Slough 
OXFORD AVENUE, SLOUGH, BUCKINGHAMSHIRE 





est. 


8 LAMINATIONS 
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CARPENTER POLARIZED RELAYS 


t have these outstanding features 


HIGH OPERATIONAL SPEED * HIGH SENSITIVITY 
FREEDOM FROM CONTACT REBOUND 
NO POSITIONAL ERROR * HIGH CONTACT PRESSURES 
EXCEPTIONAL THERMAL STABILITY * EASE OF 

ADJUSTMENT * ACCURACY OF SIGNAL REPETITION 
The Carpenter Polarized Relay will respond to weak, ill-defined or 
short-duration impulses of differing polarity, or it will follow weak 
alternating current inputs of high frequencies and so provide a contin- 
uously operating symmetrical changeover switch between two different 
sources. Five basic types are available with a wide range of single 


and multiple windings. Particulars of the type best suited to your 
purpose will be gladly supplied if you will send us your circuit details. 


Manufactured by the sole licensees 


TELEPHONE MANUFACTURING CO. LTD 


“il Contractors to Governments of the British Commonwealth and other Nations 




























HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2!I 
Telephone GIPsy Hill 2211 








( 


0. — where you need an 


A. C. Stabiliser 


INPUT : 220 V 410%  @ OUTPUT: 220 OR 63 V OR AS REQUIRED 
STABILITY : OUTPUT 0.01% FOR INPUT --8%, 

LOAD : 320—400 W. UNITY TO 0.85 pf (lag) 

FREQUENCY : 40—60 cps. @ RESPONSE TIME: 5 CYCLES 

LOW DISTORTION — NO SATURABLE REACTORS 

SIZE : 18”x9}"x92” @ WEIGHT: 27LB. @ OTHER MODELS FOR 400 cps. 


Write for list of range of A.C. Stabilisers :— 


— H. TINSLEY & CO., LTD. 


WERNDEE HALL, S.E.25. TEL : ADD 1400 
AND ST. JEROME., P.Q., CANADA. 
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department is available to help 
solve your Cabinet problem. The service can 
extend from the production of design sketches to the manufacture 
of complete Cabinets, which can vary in size from simple instrument 
cases to the most complicated consoles. Available in four gauges : Heavy, 
Standard, Small and Miniature. 



















































































Write for further information to 


TECHNICAL SALES OFFICE, 299 NEW KING’S RD., LONDON, 
Telephone: RENOWN 1601 S.W.6 


i 


MANUFACTURERS 
HALLAM SLEIGH & CHESTON LTD. - WIDNEY WORKS -: BIRMINGHAM, 4. 


wo!. 








LKB 
AUTOMATIC 
ROBOT 
SCALER— 


Automatically counts 
425 samples 


Self-contained largest capacity count- 
ing equipment for planchet samples 
or chromatographic scanning. Com- 
pletely automatic measurements can be made on up to 425 samples 
which involve preset time, counts, levels, thresholds and differenti- 
ation and integration. Instrument selects, counts and prints results of 
each independently coded sample. After loading of samples instrument 
will carry out round the clock predetermined operations entirely 
unaided for periods up to I5 hours, either G.M. or scintillation 
techniques. Chromatogram scanner, automatic sample changer and 
printing unit are available separately ; with adaptor they may be used 
SOLE AGENTS FOR UNITED KINGDOM with other suitable timer/scaler/ratemeter equipment. 








120 MOORGATE « LONDON « E.C.2 
Telephone : METropolitan 9641 (5 lines) 





We are exhibiting on STAND No. 19, BRITISH INSTITUTE of RADIOLOGY. EXHIBITION 
Royal Horticultural Old Hall, Westminster, S.W.1 
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A fair question 


From General Radio Co. Cambridge, Mass., U.S.A. 


SUPER 5: Enclosed is a pressure curve 
of this unit, which performs 
excellently. It is used as a tweeter 
in a 3-way system. The low 
frequency horn (40-300) is driven 
by one 10 watt amplifier, and 

the high frequency unit (Super 
8/CS/AL and Super 5/CS/AL) 

is driven by a second 10 watt 
amplifier. The crossover 
frequency is 4kc for the high 
frequency unit. I have repeatedly 
seen the 10 watt overload 
indicator flash during intervals 
during which cymbals were used 
in orchestration. It is my belief 
that the frequency distribution 
of these sounds could centre 
above 4kc. If this is so, it is 
possible that the Super 5 gets 
considerably more than 3 watts 
for brief intervals. Could this 
damage the unit? R. W. Frank, Engineer 


ROYAL FESTIVAL 


1 1 

HALL NOV. Ist A highly efficient treble unit for use at 
| Lecture Demonstration | frequencies above 3,000 c/cs. Flux density 
| & ae. @. 4. Bree | 13,000 lines. 1 in. centre pole. Aluminium 


Astraight answer 


The Super 5 unit should with- 
stand transient peaks up to 5 or 6 
watts at high frequencies without 
distress. The risk of damage to this 
unit occurs at frequencies below 500 
cycles, because the centring device 
is made of very thin bakelised fabric 
which is easily distorted by excessive 
cone movement. The efficiency of the 
speaker at 1okc upwards depends partly 
on the delicacy of the centring device. 
























































SOLD OUT WIRELESS WORKS LTD voice coil. 3, 6 or 10 ohms. Baffle opening 
e regr an- : seo : B 
IDLE - BRADFORD : YORKS TEL: IDLE 1235/6 34 in- diameter. Price 100/-.” Plus 33/3 Tax. 


mounce that seats 
have been sold. 











“UNIPIEZO’ 


THE NEW ELECTRO-TECHNICAL 
CERAMIC BY 


om | 


U.I.C. pioneers in the production of technical 
ceramics, now present ‘“‘ UNIPIEZO”—a new 
Piezo-electric ceramic that is unequalled both in 
quality and performance. 

Its applications in ‘the electronic and ultrasonic 
fields are unlimited and it will be of interest to all 
who wish to convert a mechanical displacement into 
an electrical response and vice versa. 

A standard range of “ UNIPIEZO”’ elements is 
available and special designs can be made to order. 


a. 





Write for full details to Dept. MRC. 


UNITED INSULATOR COMPANY LTD. OAKCROFT RD. TOLWORTH, SURBITON, SURREY 


Telephone: ELMBRIDGE 524] 


‘ 
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Accuracy 





of Reealibration 
is an essential requirement 


of Rebuilt Equipment. 


vith- 
or 6 
hout 
) this 
’ 500 
vice 
ibric 
ssive 
f the 
artly 
vice, 










We illustrate one of our frequency 
standards measuring the error on a well- 
known frequency meter. 








We have a comprehensive range of electronic 
equipment by well-known makers, including signal 
generators, valve/voltmeters, wavemeters, etc. 








WE CAN RECALIBRATE OR REBUILD YOUR 
LABORATORY EQUIPMENT 


Send for Brochure illustrating our well-equipped laboratories and current lists of high-grade electronic equipment. 


x HATFIELD INSTRUMENTS LTD. 


isity 
ium 175, UXBRIDGE ROAD, HANWELL, LONDON, Telephone: EALing 0779, 9857 
ning RET ee a ee Se ee — 
Tax. 7S AO J. 15) NASW eR eR cet aeiae west I oe A ph declan pane ee 














































if 
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EK A Regd: 


UREN ES 
See c RES| S\ST ANCE WIR 


E R t \ We specialize in the production 

S ) p of Superfine Wires and can suppy ‘ Vacrom’ 
down to .0005” and ‘Eureka’ down to .0007” 

VACTITE WIRE CO. LTD., 75 ST. SIMON ST., SALFORD 3, LANCS. 


Associated with The London Electric Wire Co. and Smiths Ltd., Frederick Smith & Co., and The Liverpool Electric Cable Co. Ltd. 


lic 
all 
to 








TT. 
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WHEN YOU WANT 
EQUIPMENT WIRES 


c 


We are ‘type approved’ for 
equipment wires, types I, 2, 2S, 3, 
3S, 4 and 4S to Specification DEF. 
12 and also for miniature multicore 
cables to Specification DEF. 10 
(with up to twelve conductors). 


This is the class of work in 
which we have specialised for many 
years and we were pioneers in the 
field. Our quality is well known ; 
our prices keenly competitive. 











GET THEM FROM THE SPECIALISTS 


DURATUBE % 
WIRE{LTD 


FELTHAM - MIDDLESEX +» ENGLAND 
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Seating 
Through the 
Ages 


Our prehistoric ances- 
tors were probably quite 
happy in using a stone as 
the firm foundation to 
their seating problems, 
but most people prefer 
a seat designed for 
sitting upon—a_ seat 
which is comfortable 
because it has 
been anatomic- 
ally designed— 
in fact, an Ever- 
taut Seat. 


The Evertaut range is 
wide enough to provide 
the correct seating for 
practically all workers, 
irrespective of their job— 
in fact, Evertaut ‘‘ leave 
no stone unturned” 
when it comes to the 
provision of comfortable 
seating. 





Please write for Catalogue S/L. 


THE 
: T SCIENTIFIC APPROACH 


“LIMITER TO MODERN SEATING 


| (Proprietors) J. B. Brooks & Co., Ltd. 


WALSALL ROAD, PERRY BARR, BIRMINGHAM, 228. 


Phone : BiRchfields 4587 (4 lines) Grams : Evertaut, Birmingham. 








‘ London Office Kern House, Kingsway, W.C.2 Phone : HOL. 0238 
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SOLDER THE MODERN WAY— WITH A HEAT GUARD 


SPA TION PRICES Soins Instrument users have been 
| ig . | uick to appreciate the many advan s of 
Size of Bit | (Less | Length | Loading] Fixed | Replace- Heat | Safety the “LITESOLD”” HEAT GUARD. This 
diameter | Flex) | Bit | able Bit Guard Shield accessory, used with the light, easy-to- 
- F : “<i ig righ handle instr ents we facture, has 
Fixed or : | considerably eased the intricate assembly 
Replaceable . | - d. - d. - @ se problems encountered in the electronics 
12 field today. Follow the lead of others and 
use ‘“‘LITESOLD”’ to speed production 
and achieve greater efficiency. All voltage 
ranges from 6/7 to 230/50 v. 


serra EC NENT — 




















LIFE TEST 


(See August Issue) 


The three ‘‘ LITESOLD”’ 
+” mains models connected 
day and night since March 
6th were still working 
satisfactorily when this 
advertisement went to 


press. 
(Over 4,500 hrs.) 


Further details from the 
Sole Manufacturers and 
Distributors. Illustration shows the HEAT GUARD in use with our }” bit model 


LIGHT SOLDERING DEVELOPMENTS LTD., 106 GEORGE STREET, CROYDON, SURREY. Tel. CROydon 8589 








DRAWN TANTALUM TUBE 


Drawn tantalum tube can now be supplied by Murex 
Limited, for use in chemical plant where resist- 

ance to corrosion is essential. Maximum 

o.d. 3”, minimum o.d. +”. 

Maximum length 2'6” 

depending on wall 

thickness. If the tube 

is required fully annealed, 


the maximum length 


is 17". 


Write for booklet P51 which gives details of physical 
properties etc. of Tantalum & Zirconium materials, 


MUREX LIMITED (Powder Metallurgy Division) . RAINHAM * ESSEX * Rainham, Essex 3322 
London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1 : EUSTON 8265 
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THE ROCOL RANGE 


The e & 
following New publications 
are now available and will 
be sent on request 


* PUBLICATION No. I 


Anti-Scuffing Paste 


& ANTI-SCUFFING OIL 


Anti-Scuffing Paste, approved under D.T.D. 900/4284, 
is a handy means of applying Molybdenum Dis phide 
to all general purpose applications where dry lubrication 
can be employed. Anti-Scuffing Oil is a new develop- 
ment which enables the advantages of Molybdenum 
Disulphide to be used in circulating systems, Oil 
Lubricators, etc. 


* PUBLICATION No. 


R. T. D. Compound 


This entirely new cutting medium has already proved 
most successful in a wide variety of difficult metal 
working operations, including reaming, drilling and 
tapping stainless steel, alloy steels, nickel and titanium. 


* PUBLICATION No. 3 


Molybdenised Lubricants 


A —- range of lubricants enabling the advantages 
of Molybdenum Disulphide to be employed for every 
type of application. 


* PUBLICATION No. 


Watch and Clock Oils 


A complete range of oils and ancillary products to 
meet the requirements of the Horological and Instrument 

r. A special feature is the inclusion of a range 
of ee a oils which will operate efficiently down 


* PUBLICATION No. 5 


Kilopoise Lubricants 


Extreme viscosity lubricants to damp free motion and 
give a slow even’ movement to such components as 
optical focusing movements, variable condensers, 
potentiometer spindles, etc. In addition, a range of 
Core Locking Compounds is marketed for locking the 
iron dust core screws on I.F.T.’s and other electronic 
assemblies. 


All these brochures are obtainable free from :- 


ROCOL LTD. 
RAGOSINE 
vW 





IBEX HOUSE, MINORIES, LONDON, E.C.3 
MINERVA WORKS, WOODLESFORD NR. LEEDS 
n.d h. 21859 
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fastening to thin Sheet metal 


with . 


‘Manufacturers of all 


kinds of products use 


PR a C i S | 0 N this method of fasten- 


PATENT SERRATED ite to metal sheets 
and panels. Note the 


A h citieahhenia on the fine- 
nc or ly [tapered shank — 
these cut their way 

RIVET 
be h seoveut the bush 
us es ams rotating in the 


panel. 


<a 
into the sheet and 








THE PRECISION SCREW & MFG. CO. LID 


UNION ST. WILLENHALL STAFFS 





Telephone: WILLENHALL 621 & 622 
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No, we do not recommend this method! 
We offer, instead SAVAGE ‘VLF’ 
and ‘LRF’ Amplifiers, giving 


A SOURCE OF POWER 


where it is required for vibration and 
fatigue testing of structures, com- 
ponents, engineering products, engines, 
special metals, etc. In this direction, 
the applications of this equipment are 
countless, as they are, also, as a variable 
frequency power source for trans- 
formers, meters, motors and electrical 
component design. 
is equipment is inexpensive to 
purchase, simple and economical to 
use; gives complete and accurate 
control at all times. 
Ask us TO-DAY for full details, 
without obligation. Or let us know your 
problem in this field and we will 


gladly help you. 


W. BRYAN SAVAGE LTD. 


WESTMORELAND ROAD, LONDON, N.W.9 
TELEPHONE: COLINDALE 7131 


Leading organisations now using this 


equipment include: Bristol Aeroplane 
Co.; The Brush Electrical Engineering 
Co., Ltd.; English Electric Co., Ltd.; 
Ferranti Ltd.; G.E.C.; Handley Page 
Ltd.; The Imperial College of Science; 
Siemens Bros. & Co., Ltd.; S.T.C; 
Vickers-Armstrongs; R.A.E., Farn- 
borough, etc. 


Savage 


OUTPUTS 
100 watts ‘VLF’ 
3 c/s to 6 c/s 
1000 watts ‘VLF’ 
6 c/s to 2000° c/s 
MARK Il STAR 
50 c/s to 10 Ke/s 
‘LRP’ 
5Kc/s to 100 Ke/s 


Yee La AMPLIFIERS 


VERY LOW 
FREQUENCY 


LOW RADIO 
FREQUENCY 














Pressings and Fabrications 





to individual specifications 


Whatever your particular needs in Metal Fabrica- 
tion and Specialised Precision Work, our long 
experience in association with the electrical 
Industry enables us to meet your most exacting 
requirements with speed and efficiency. 

Our productions include Control Panels, 
Cabinets, Transformer Tanks, Chassis Assem- 
blies, Components and all kinds of Pressings 
and Fabrications for every application. 


We welcome enquiries and we are always pleased 
to advise on any Specialised Metal Fabrication Problem 


without obligation. 





GREAT BOWDEN ROAD 
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LEICESTERSHIRE 









METAL FABRICATION 
for the Electronics Industry 








Phone : 2651/2 









Vac hadwitty ond Media, rae 
march side bY A 


Whether in the measurement and recording of pressure and 
voltage waveforms in the human body — or in the equivalent in 
chemical and engineering research—SENSITIVITY, ACCURACY 
and above all RELIABILITY are the demands of doctor and 
engineer alike. 

Our range of equipment, developed and proved in recent years in 
the HOSPITAL, now caters also for INDUSTRIAL needs in :— 


MEASUREMENT of Pressure or Displacement (static or 

dynamic), Voltage and Current over an unusually wide range. 

RECORDING up to 12 channels in multi-speed photographic 

equipment of maximum application at minimum cost. 
Delivery is short or ex-stock. Write or ‘phone now for literature 
or demonstration. 


@ Our engineers can assist you in tackling 
YOUR problem and are prepared to produce modified or special items needed. 


NEW ELECTRONIC PRODUCTS 


LIMITED 
9 NEW CAVENDISH STREET, LONDON, W.1. WELbeck 1421-2 





CONTRACTORS TO THE MINISTRY OF SUPPLY, MINISTRY OF HEALTH, U.S.A.F., ETC. A.I.D.- APPROVED 

















ALCOMAX Il 

Loud Speaker 
; Magnet 

Permanent Magnets << 


for the SS 
Radio & T.V. Industry 


The very latest techniques in perman- 
ent magnet manufacture can effect real 
economies in your production and at 
the same time contribute further to 


























Focussing 
-Magnet 
ALCOMAX IV 





Made by the makers of efficient operation of your products. 
‘Eclipse’ Consult our Technical Staff at an early 
, Permanent Magnet Chucks stage of design to be certain that youare 


taking advantage of recent progress. 


Send for literature: 
Pub. PM108—Loud Speaker Magnets. 


Pub. PMi12—Permanent Magnets for Television 
Receivers. 


| PERMANENT 
lon Trap Magnets — Eat MAG ia 


’ ALNICO 


Picture Shift Magnets — 
in 6% Chromium Steel 





A 


N L 
Swe eT TS To. 
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PARTRIDGE TRANSFORMERS.. 


FOR SPECIAL CIRCUITS 


Many of the prominent amplifier circuits, including those published by the 
G.E.C. and Mullard Technical Departments, employ Partridge Transformers. 
Two examples are given below. 




















Osram 912 HIGH QUALITY GRAMOPHONE AMPLIFIER 
Partridge Transformers and Chokes were employed by the G.E.C. 
Technical Valve Department for the prototype of the amplifier (see 
“Wireless World,”’ September, for review of the Osram 912). The 
three specified Partridge components are available in alternative 
mounting styles detailed below. 


MAINS TRANSFORMER (T.1) 
Partridge Type No. P3591B 


Be Gin: SB eo Mounting style DN/404B . ; , . Price 52/6 
Mounting style DL/404B employing loose 


Tee 


= lead terminations Price 43/- 
S SMOOTHING CHOKE (L.1!) 
Pe Partridge Type No. C10/135 
PARTRIDGE TYPE P.3591A Mounting style DN/401B . “ J é Price 34/3 
e Mounting style DL/401B _ . m r : Price 28/6 
(Push-pull output transformer) 
€ Used in the Osram 912 circuit. e OUTPUT TRANSFORMER (T.2) 
If performance down to 30 c/s is P idee T No. P3591A 
~ required it is essential to employ a e artridge Type No. 
transformer of this calibre. Mounting style DN/404B . ; ‘ . Price 85/- 
e e Mounting style DL/404B . . é A Price 75/- 


ecoeoe5so35ueveeee ee @ © @ @ 
Miulldard) s-vave to-watt HIGH-QUALITY AMPLIFIER 
Write for illustrated brochure giving full circuit employs a Partridge Type PPO (see Technical Data Sheet 

details of the Partridge components specified No. 1). This circuit was described in the August issue of ‘* Radio 
for the Osram 912 and Mullard amplifiers. soci hanani 


PARTRIDGE TRANSFORMER S LF: Res 
TOLWORTH + SURREY + TELEPHONE: ELMBRIDGE 6737/8. 





Extended range 
now available 


















HE range of Rivlin Precision Wirewound Resistors has been 
extended to include miniature types. As with existing Rivlin 
Resistors they are fully heat treated and a heavy polythene coating 
renders them completely impervious to the effects of humidity and 
temperature. 


* Rivlin Resistances can be adjusted to 0.1% of the required value, 
or 0.01Q whichever is the greater. 





* Any value in the range 0.12 to 50,000Q can be supplied with a 
temperature co-efficient of 0.002% per degree centigrade, and up to 
1MQ with a temperature co-efficient of 0.02% per degree centigrade. 
Standard rating—1 watt. 


* Rivlin Wire Wound Resistances fully comply with Services speci- 
fications. 


RV ccccon Ti 


WIREWOUND RESISTORS Special types 10 order 













DAYS 


RIVLIN INSTRUMENTS LTD. 
7a, Maitland Park Villas, London, N.W.3. Gulliver 2960. 
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STANTELUM STANTEL THERMISTORS 





E L E c T R oO L Y T I Cc Thermistors are being used in ever-increasing numbers in the 
Cc APA Cc iT o R s electronic and instrumentation industries where their small 
size and stable characteristics have provided the solution to 
many problems. 
_ Png ep ng a pore nmr of ke Neste Cees A wide range of both directly and indirectly heated types is 
which provides at relatively low working voltages a large available for many applications among which are included :— 
capacitance in a very small volume. @ Temperature measurement and control 
Compare the volume percentages of the following —_ @ Oscillator amplitude stabilisation. 
<n a gaa (at 100 volts) pt @ Current surge suppressors. 
Prarie Electrolytic : : of 3 “ @ Micro-wave power measurement. 
mini be am 4 
Tantalum Electrolytic . . . -- 16% They are available with a ony, ang of cold resistance at 
. . : 20°C with certain standardised values between the limits of 
. Fd a ane ae 14 ohms and 4 megohm. Where low circuit resistance is 
to +70°C is now available. essential, - meg ——_ ~ resistance increase . 
A copper coils, Type ermistor, having a resistance o 
a Electrolytic Capacitors do not deteriorate with 140 +10% is readily available. 
Write for Brochure BC/15 for full technical details. Write for full technical details. 


Write for full technical information 


Stondord Telephones and Cables Limited 


INDUSTRIAL SUPPLIES DIVISION:— FOOTSCRAY *+« SIDCUP - KENT 


























Cust wee dont 900 of the welfare “ar wom 
GL 


rtance , 
the ae ot WoMAN’s ANG 


ARRY 

lev’ r uromatically od 
imple 4 NER rgica yes b- 
By the sim incl towels, SU d security : 
ANITA * roy a ei major wel STITUTIONS, etc 
effective ae aiving EES, OFFICES: ’ tented 

anes SACTOR 1E porating our Pa 

lems or 


in 
The only Incines fety Devices 






Patent Nos. 555062-621085 and corresponding 
Foreign Patents 


Awarded the Certificate of the Royal 
Institute of Public Health and Hygiene 


Regularly supplied to :—All H.M. Government:Departments ; War Office ; 
R.A.F.; Admiralty. Local Administration & Educational Authorities. 
Ld, lool M. 


Committees. General Industry. FULLY GUARANTEED FOR ONE YEAR 
Economical : Efficient : Foolproof : Indispensable 


THE FOREMOST SANITARY SANIGUARD APPLIANCES 4):¢4./ 


RATOR SPECIALISTS 62, LONDON WALL. LOND 
THE WORLD Telephones NATIONAL 8881-8882 + DiviSiON hiv b trial To 





° 4 
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SEEATIFE 





... for all high 


frequency applications 








Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine timits. 


eferey WILLIAM SUGG & COMPANY LIMITED 
"WESTMINSTER ) VINCENT WORKS, REGENCY STREET, WESTMINSTER, S.W.!. —- VICtoria 3211 











MORE PARTS OF PERFECTION 


Sandwell castings are renowned for their precision and high 
tensile strength, and are incorporated in many of the best 
known products throughout the Electrical Industry including 
Ferguson Pailin Industrial Switchgear. Where only the best 
castings will do, call in Sandwell - our specialised knowledge 
and experience are at your service at all stages from the blue- 
print to the finished product. 


by 


Photo by courtesy o 
Messrs. Ferguson Pailin ide 








% Specialists in the production of 
the finest quality Sand Castings, 
Gravity Die Castings and Pressure 
Die Castings in all Light Alloys and 
Non-Ferrous Metals by the most 
modern methods. 


THE SANDWELL 
CASTING CO. 


BANK STREET FOUNDRY, WEST BROMWICH 
Tel: STOnecross 2231 (4 lines) Grams: “REPCAST”’ WEST BROMWICH 


OCTOBER 1954 99 ELECTRONIC ENGINEERING 




















MINIATURISATION 





TO APPROVED MINISTRY SPECIFICATIONS 


Designed by the world pioneers of high efficiency axial flow fans. 


A. K. FANS LIMITED 


20 UPPER PARK ROAD . LONDON . N.W.3 
Telephone: PRIMROSE 5969 
CONTRACTORS TO ADMIRALTY, M.O.S.. etc. MANUFACTURERS OF ‘AIRMAX’ PATENTED SCREW FANS. 














DRAWING 











—_ METAL FOR 


PRESS THESE TWO PHOTOGRAPHS 
‘ ; TRATE SIMILAR PRESSINGS MADE 
a eee UNDER IDENTICAL CONDITIONS. THAT 
TOOLS _| ON THE LEFT SHOWS THE PERFECT 
RESULTS OBTAINED WITH NARITE DIES, 
AND COMPARED WITH 
THE WASTER PRO- 
DUCED BY ORDIN- LESS 
ARY STEEL DIES. WEAR 
LESS WASTERS 
- MORE 
Un-retouched Photographs by Courtesy of a NARITE User PRODUCTION 
MORE 
PROFIT 













DIES - 


NARITE eliminates ‘scuffing,’ 
WRITE ‘galling,’ or ‘wrinkling’ in 
pressing. NARITE _ gives 
lower die costs, more press 
BROCHURE production hours, more profit. 
NARITE service is yours for 
the asking. 


FOR 





Write now’to: 


sini i : — 


ST. ANDREW’S RD. HUDDERSFIELD. 


cw 2431/12 N C ASHTON LIMITED Telephone : HUDDERSFIELD 6263/4. 
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\taticlt 


an unseen danger / 


The instrument is widely used for the investigation 
of static charges in the textile, plastics, paper, 
rubber and explosives industries as well as in 
hospital operating theatres. Further details are 
given in leaflet No. E123 available on request. 


BALD Wij) instruments 





BALDWIN INSTRUMENT COMPANY LTD - DARTFORD~ - KENT TEL. 2948 (3 LINES) 














Mit RBOULTON PA QL pill 


of ye electronics 


instrument for ground or airborne use. 












We also specialise in the development of 
electronic and electro-mechanical equipment 
to customers’ specifications from “one off ’’ 
up to quantity orders. 


QUALITY—Standards are normally those 
prevailing in the current issue of Inter- 
Service Specification RCS/1000, Category C. 
Contractors to the Ministries and Government 
Experimental Establishments. 


¥& TRANSDUCERS. A comprehensive 
range for the measurement of pressure, 
displacement and force. 


3K STRAIN AND LOAD INDICATORS 
for the machine tool industry. 


Xe INTEGRATORS AND TIMERS 
for specific applications, 
e.g., process control. 


3% PRECISION AUTOMATIC 
MANOMETERS for wind tunnel 


measurements. Our Technical Advisory Staff is always at your service 


* STABILIZED POWER SUPPLIES 


or abratory ue BOULTON PAUL ELECTRONICS 


BOULTON PAUL AIRGRAFT LIMITED 


WOLVERHAMPTON 
phone : Fordhouses 3191 grams : Aircraft, W’ton. 
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. . . Berco Toroidal Wound Power Rheostats to suit every 

specification. Made in 5 sizes and of rugged construction to 

combine highest mechanical strength with maximum electrical 
performance, Bercostats are, if required, supplied with :— 





* ‘Off’ positions at either end of the winding. 

* Rear extended spindles, or screwdriver slotted spindles. * Locking devices. ¥ Tappings and graded 

windings. * Automatically operated toggle switches to open or close at either end of the winding. J 
All models are vitreous enamel bonded and can be supplied with standard pressed 


steel covers for front of board mounting. Multi-gauged units with any 
combination of ohmic values are also available. 





ee ees BERCO 7oroipaL RHEOSTATS 


Ask for List 613A, which gives full technical details and prices, from 
THE BRITISH ELECTRIC RESISTANCE CO. LTD., 


Queensway, Ponders End, Middlesex. Phone: Howard 1492. Grams: Vitrohm, Enfield 
Pioneers of the toroidally wound power rheostat in England 





BR1201-BXH 








ALWAYS “FIT” This may be news to you but; it is not 
to thousands of satisfied customers! 


((@)) > 








CASTORS 


THE WORLD'S BEST 


Loads up to 30 TONS per castor. Wheel 
diameters from 2” to 46”. All types of 
wheels and head fittings can be selected 
from our range of over 


7,000 TYPES & SIZES 
ASK FOR BROCHURE 





Engineers, Patentees and Sole Manufacturers, 


AUTOSET (PRODUCTION) LTD., Dept. 0, Stour St., B’ham 18 


EST. OVER 30 YEARS. 
Please mention “ Electronic Engineering’’ ane 1188 G Hines) 
AT2 
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INCREMENTAL ACCURACY Within 1% up to 70 Mc/s paca 
BACKED BY N.P.L. CERTIFICATE | =~ —ao- 





STEN Paytcg LabonaTorigs 
RABLE 


YT. Wests 
STH Nt tena 














ATTENUATION gy 





(EXTRACT) 
Table 





MODEL RA104 
FREQUENCY RANGE ATTENUATOR 





WIDE 
It is the only unit of its type, independent of frequencies up to 70 Mc/s designed Nominal attenuation Attenuation in decibels at 
to operate between 75 ohms resistive loads. setting in db. 1 ete) ene Sores 50 Mcls 
c/s c/s Cc, 
THE ONLY COMMERCIALLY AVAILABLE INSTRUMENT gee co, Go- "Or. a2° 
over the range f-104db in steps of 1db. A National Physical Laboratory u Mr Ly = oa 
Certificate quotes the adjoining figures. 3 3.0 3.0 21 3.2 
Please write for full details. 4 4.0 4.0 4.1 4.2 
5 5.0 5.0 5.1 5.2 
{7 10 10.0 10.0 10.15 10.3 
5 15 15.0 15.0 15.2 15.3 
BRITISH PHYSICA ORATORIES LTD 20 20.0 20.0 20.15 203 
40 40.0 40.0 40.2 40.3 
Tel: Radlett 5674-5-6 Radlett HERTS 20 20.0 20.0 20.1 203 
40 40.0 40,0 40.3 40.4 








. . ae p — = dmBP II 


‘EVERLOCK’ 













washers 
pen steel 
springs 
and 


coils by 


BARK-FIN 


BAKER & FINNEMORE LTD - 197-207 NEWHALL STREET - BIRMINGHAM - 8 


TELEPHONE: CENTRAL 2838 
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We ean do it! 


, THIS is what we can do. A company of international reputation, 
which has been responsible for some of the most outstanding 
developments in television and electronics, recently entrusted us 
with part-production of a key component. After three weeks, we 
were asked to take over the whole output of this item from both the 
company’s main factory and a subsidiary works. 


Most gratifying of all was the comment : “ This is the first time we 
have ever had a first-class job from a sub-contractor. If you can 
maintain this standard, we shall have no difficulty.” 


Maintaining standards is precisely how we have built up our service. 
Let us show you under peak load conditions the full extent of the 
assembly, wiring, and test facilities we can provide. 


BROXLEA PRODUCTS 
LIMITED 


High Rd., Broxbourne, Herts. Phone : Hoddesdon 3091/2 


/‘NIFORGE’| Stress-free Castings 














In Niforge stress-free castings, the revolutionary technical 
advance presented by the Parlanti mould process is allied to 
nearly two hundred years of Carron foundry experience. 


These X-ray photographs show 
a flow indicator body cast by 
the Parlanti mould process in 
material DTD304, This cast- 
ing was developed to withstand 
a very high pressure while 
keeping the sections as thin as 
possible. The bottom of the 
main body is 0.2” thick and 
successfully withstood an inter- 
nal pressure of 10,000 Ib. 
per sq. in. 





This permanent gravity die-casting technique gives improved 
mechanical properties — fine grain, great tensile strength, 
t Ganon | excellent finish — and saves both time and skilled labour. 


CARRON PARLANTI AFTER PROTOTYPING AND DEVELOPMENT 
LTD 100 or more working dies can be made from a master mould in 
two days, and each die can produce up to 400 castings per day. 
. Please write for full details. 


CARRON PARLANTI LIMITED: CARRON : Falkirk * STIRLINGSHIRE °* Telephone : Falkirk 35 
London Office : 15 Upper Thames Street, E.C.4. Telephone : CEN 7581 





Gis 
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Arange of 360 standard types avail- 
able for ‘‘ off the shelf” delivery in 
several different mounting styles in- 
cluding both open and hermetically 
sealed ‘‘ C” cores. 


Fully descriptive Catalogue upon req 


GarDNers Radio? 


SOMERFORD CHRISTCHURCH HANTS Zé/- /02¢/5 


‘THE 


DARWINS 


GROUP 


SHEFFIELD - ENGLAND 


















Our long association with the use and prod- 
uction of permanent magnets enables us to 
offer not only an advisory service of the 
most complete character, but the benefits of 


production technique and facilities based on 





wide knowledge and intensive research. 


Iilustration shows the latest ignition half cycle DARWINS LTD. 
2 " ; TO * HACKSAW BLADE 
ny ee AINS Ne PERMANENT MAGNETS’ + HEAT & ACID 
RESISTING CASTINGS 
ANDREWS TOLEDO LTD. 
CARBON & ALLOY CONSTRUCTIONAL 
STEELS 
ANDREWS TOLEDO (wire ROD) LTD. 
SPECIAL CARBON & ALLOY WIRE ROD 


SHEFFIELD FORGE AND ROLLING 
MILLS CO. LTD. 
CARBON & ALLOY STEEL BARS & SHEETS 
WARDSEND STEEL CO. LTD. 
AGRICULTURAL & TOOL STEEL SHEETS 





D.52 
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DO YOU PROCESS GLASS? 









One of these Mis¥laihes313 me) (ae 


will make a better job of it. 


We designed them from our own experience of what’s needed — 
and they are used in any number of factories producing chemical 


and industrial glassware. 


For full details write to: 


STONE - CHANCE LIMITED, > Lighthouse Works, Smethwick 40, Birmingham. 


* The same people who make the “‘ Flamemaster”’. 





RY YLT A 
VALVE 


VOLTM ETER 


mV FSD and upwards 


Technical data from: DAWE INSTRUMENTS LTD., Instrument Division 
99 UXBRIDGE ROAD, EALING, LONDON, W.5 - EALING 6215 




















ional Agent 
Midlands North of ~ reg Cheshire Scotiand West of Eng'and Northern Ireland 
Hawnt & Co., Ltd., A. C. Farnell, Ltd., F. C. Robinson & Ptnrs., Land, Speight & Co., Radford ElectronicsLtd., | James Lowden & Co., 
59, Moor Street, 15, Park Place, , Deansgate, 73, Robertson Street, 149, Newfoundland Rd., 11 Middlepath Street, 
Birmingham, 4 Leeds, | Manchester, 3 Glasgow, C.2 Bristol, 2 Belfast. 
Central 6871 Leeds 32958 Deansgate 660! Central 1082 Bristol 51132 Belfast 57518 
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Opportunities for Engineers 
with the Guided Missiles Division of 
‘ENGLISH ELECTRIC’ 


The Guided Missiles Division of The ENGLISH ELECTRIC | Houses are available for some of the Senior Engineers. 
Company Limited, Luton, now wishes to fill be wide There are also vacancies for Intermediate and Junior 
variety of vacancies. In particular, the following are | Engineers and Laboratory Assistants. 


soquized: All these offer splendid opportunities for promotion in 


@ Radio and Radar systems Engineers this new Industry. 


Engineers should be Honours Graduates or have tech- 
nical qualifications to H.N.C. or equivalent standard 
| together with relevant experience. 


Applications, quoting SA54, should be sent to Dept. 
@ Instrumentation Engineers with transducer design CPS, 336/7 Strand, WC2. 


} 
@ Circuit Development Engineers (including work on | 
transistors) | 


@ Engineers to design & engineer micro-wave equipment 


experience 
@ Engineers for Field Trials Radar and Communications 4 v 
equipment (including some vacancies for Australia) BN (; LI N H [ LE OTRI (' 


‘ENGLISH ELECTRIC’ MARCONI NAPIER 


wr em x thw : , a oak 

Gah: Lak, Camel auet hay root For quick service at 
— ms —” the right price 
wo on saupnitent ° ws 













get in touch with 


GRIFFITHS, 
GILBART, 
ne LLOYD 
ft “5A & CO.LTD. 


unr, 
EMPIRE WORKS, 
PARK ROAD, 
BIRMINGHAM 18. 
Tel : NORthern 6221. 
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NON-FERROUS 
METALS 


COLD ROLLED SHEET & STRIP 
RODS & BARS 
WIRE AND DRAWN STRIP 
TUBES 

I} CHILL CAST BARS 


PHOSPHOR BRONZE, GUNMETAL 
BRASS & COPPER 
TO SEE GILDING METAL, ETC. 


CHARLES CLIFFORD 


sear CHARLES CLIFFORD 
LIMITED 

Dog Pool Mills, Birmingham 30 

m Fazeley St. om, Birmingham 5 


SPECIALISTS IN THE PRODUCTION OF WROUGHT HIGH TENSILE ALLOYS M-W.109 


THADDONS A.I.D. APPROVED 


TRANSFORMERS LTD. 


27-37 MASONS AVENUE, 
WEALDSTONE, MIDDX. 


Telephone : 
HARROW 9022/3/4/5. 




































POWER and 
AUDIO FREQUENCY 
TRANSFORMERS 








Open or Enclosed Types _ For all climatic conditions 
CONTRACTORS TO ALL GOVERNMENT DEPARTMENTS 


ee ee 
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You can now avoid the slightest risk that 
delicate electronic instruments will be 
“Damaged in Transit”. HAIRLOK, which is 


ry 
t". HAIRLC The shape 
a new form of resilient packing, ensures ; z 
perfect protection because it is moulded to fit rt yt thin v S e 


the shape of the product exactly. It can be 


moulded as hard or as light as required and ‘ 
will withstand any shock load including low to G 0) ee ee 
2 







frequency vibrations and varying climatic con- 
ditions. HAIRLOK complies with government 
specification and is non-staining to silver. 
To ensure that equipment is ‘‘Received in Per- 
fect Condition” specify Hairlok packing. We 
shall be glad to send full details on request. 





THE foo. LTD. 











IDDESLEIGH HOUSE, CAXTON STREET, LONDON, S.W.1. TELEPHONE: ABBEY 6722. 
The HIVAC XC14 Difference Diode is the AiSuem 
latest development in the field of cold cathode ODMAX 
devices, offering designers of electronic 
switching and computing circuits a tube in ia 
which the striking voltage is maintained within 
limits giving a minimum difference between 400 mm 


striking and maintaining voltages of 70 V. ¥ as 


vf 
\ Striking Voltage mL.” eee. } 
al C Maintaining Voltage .. m 75 V. Max. 25:0mm 


























MIN 
THE SCIENTIFI Difference Voltage nt ‘3 70 V. Min. 
VALVE Maximum continuous current 0.75 mA. 
BRITISH => MADE Blue spot marks 
cathode 
STONEFIELD WAY, VICTORIA ROAD, Telephone : 
Hvac | RUISLIP, MIDDLESEX, ENGLAND. 3366 
(C5) 
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THE ENGINEERING INDUSTRIES ASSOCIATION 





THE HUNTON UNIVERSAL BOLSTER OUTFIT 
FOR SHEET METAL PIERCING AND 
BLANKING ON FLY PRESSES 












Bolster Frame with 
2 adjustable gauges 
and insertable steel 
Holders for Dies 
4 in. to 32 in. bore 
diameter. 


4, Two Punch Holders 
y, with detachable 
positive-action 
fy, Strippers take the 

complete range of 
Punches ¢ in. to 
32 in. diameter. 


Equip your Press with the 
Hunton Outfit and use inexpensive 
standardised Punches and Dies } in. to 3} in. diameter, 
obtainable from stock—in yy in. sizes—when you need them. 
Standardised Tools also available at short notice for Square, Oblong 
and other shapes, Louvre Forming (up to 8 in. long), Corner 
Notching, Corner Radiusing, Angle Iron Notching and Piercing, etc. 
Get the outfit now—Buy or Dies and tools as you need 
them. 


7th LONDON REGIONAL DISPLAY 
October |12th—I4th 


NEW HORTICULTURAL HALL 
LONDON, S.W.I. 


VISIT OUR STAND No. 43 


Free Exhibition Tickets available on request. 


LOOK FOR THESE SPECIAL DISPLAYS 


A practical demonstration of the ‘‘ Hunton ’’ Bolster Outfit. 
Our special range of chassis piercing and forming tools for 
the Radio and Electronic Industries. 

Exhibiting for the first time, a new ‘‘ V’”’ Bending Tool of 
improved design in three standard lengths of 12’, 15” 
and 18’. 

Also showing, the ‘* Phoenix ’’ Treadle-operated Eyeletting 
Machines for the automatic insertion and closure of eyelets 
in metals, plastics, fabrics, etc. 


Call or write for illustrated price list, E.E.1. 





HUNTON LIMITED, 
Telephone : EUSton 1477-8-9 


PHOENIX WORKS, 


114-116, EUSTON ROAD, LONDON, N.W.1. 
Telegrams : UNTONEXH, LONDON. 
sa 











A TIGHTER REIN ON 
TEMPERATURE 


These new KH Electronic Controllers 
keep an accurate and selective control 
over process temperatures, enabling 
the smaller industrial organisation to 
reap the benefit of sensitive control 
without adding to normal maintenance 
personnel. Cost and servicing diffi- 
culties have been reduced by using a 
standard chassis and unit construction 
on five different instruments. 


KELVIN 


SPECIALISTS IN 


EELVIN & HUGHES (INDUSTRIAL) LTD - 2 


ELECTRONIC ENGINEERING 







INDUSTRIAL MEASUREMENT 


CAXTON STREET * LONDON °* SWI 
110 Bothwell Street, Glasgow, C.2 


I 


The range covers everything 
from the straight-forward two- 
position types to the proportional 
controller with reset programme control. 
All are designed to protect the plant in 
the event of a failure. 

May we send you more particulars ? 


HUGHES 


KH33 
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S! 
10% of 


I is quite obvious to the meanest intelligence! If my deductions 
are correct we will discover our medium on such insulations as are 
enclosed in a metal circuit, eliminating discharges on the slot portion 
of motor coils and on instrument transformer coils. Yet this varnish 





























































Pe  -—— | medium is but one link in the case, for it holds a pure silk fabric 
\ coated with graphite—the whole being known to discerning electri- 
SYMOID CONDUCTING TAPE cians as Symoid Conducting Tape. Thanks to the valuable pioneer 
Pure silk fabric coated with graphite held in a work of our old associate Inspec- 
varnish medium. For all taping operations tor Symons, I am able to say that, x 
utfie where metallic tape is too rigid. Resistance as a flexible conducting material, Y 
: value varies linearly with thickness of coating, Symoid can be used in all types Symonds f 
Is for and will be lowered with ageing. Can be sup- of taping operations where a me- c 
plied in roll torm 36” wide and as tape either tallic tape would prove too rigid. ADVISORY . 
* | bias or straight cut. An ingenious business, sir! SERVICE 
on TESTED FLEXIBLE INSULATION BY If you hove an el- 
on ectrical insulation 
Bd G i] 4 c Sfp problem, send it to 
4a y er) : “ef us! Our experts 
e ak TY 00409 (aa C/O. Fons bb, bay will be pleased to 
NI advise you. 
o PARK WORKS -: KINGSTON HILL -: SURREY 
se KINGSTON 0091 RAM INSULATION KINGSTON ON THAMES 
E 1 Ss. . _ 
(REGD. TRADE MARK) athe We IMP a7 of 
HALF TRACK HEADS AVAILABLE : . 
Model SRP Record/Play Head.........s:.sesseesees. 85 0 sc cappiebnnaarestti inal 
Model 6RP Super Fidelity Record/Play Heads...... 43.15 0 | ment with the new METPAK 
WUE “~ Record Head SHOCK ABSORBER is the 
sed in conjunction with 6RP head)............... £3 5 0 : i 
Model SE Erase Head......cccsssssatecccsesseseierevese 3°50 —— haere = 
Commercial ‘‘ friction ’’ type mounting stems... 4/- extra damage in transit. Tested 
Standard Heads—High Impedance, Low Impedance and proved and used exten- 
Heads and Special Heads made to order. sively by the Ministry of 
SCREENING CANS : nuencliantennhianl 
TM eS 8/6 each. eereemnalbatendire 
Composite (Steel/Mumetal)..............sccccceeeeees 4/6 each. make sure your equip- 
We specialise—that is why deck manufacturers standardise | ment is received in 
our heads. | good condition. Write for 
full details. 
Model 5 range of desks to take 7 in., 9gin. or IO4in. Reels. 
Push-button control-three heads-two speeds-three motors. | | 
Write for details. Trade supplied. : M E TPAK 
BRADMATIC LIMITED oe TD 
manufacturers:— BRAYHEAD SPRINGS LTD. 
Station Road, Aston, Birmingham 6. po View Works, Kennell F ayy 
cot erks. 
ioe Telephone : East 2881-2 Telegrams : Bradmatic, Birmingham. Telephone: Winkfield Row 427 
954 
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now— 
more than ever 


SAVAGE 
TRANSFORMERS 





are meeting the specialists 
need in every electronic 
field. Our 26 years of 
research and experience is 
at your disposal. 









Sat 
(SAVAGE DEVIZES) 


¢ 
‘mite 


NURSTEED RD., DEVIZES, WILTS. 
Telephone : DEVIZES 932 

















ELECTRONIC ENGINEERING 





‘B-W’ Electric 
FURNACES 


The wide range of ‘ B-W’ 
industrial heating equip- 
ment includes many types 
of industrial furnaces and 
ovens, large and small. 
Temperature ranges and 
capacities cover all normal 
needs and special types can 
be built to requirements. 


@ General Purpose 
@ Automatic Control 
@ Various sizes 


Write for details today. 





For temperatures up to 1,400°C, 


* *‘B-W’ PRODUCTS INCLUDE: 
e OVENS © METAL POTS 
eDIP TANKS e WAX POTS 
eSALTBATHS e LEAD POTS 


All enquiries to SALES OFFICE 
2 DORSET SQUARE, LONDON, N.W.!. AMBassader 5485 
WORKS : NEASDEN & BLETCHLEY 


INDUSTRY NEEDS HEAT— 
YOU NEED ‘B-W’ 


















/KADAMAX 


PLATING PROCESS 


“CONFORMS TO MINISTRY OF SUPPLY SPEC.’’ DTD 904 


Ideal for the protection of radio chassis, switchgear, meter 
fittings, electrical components, aircraft parts and most iron and 
steel articles. 

@ SIMPLE AND RELIABLE PROCESS 

® RUST PROOF FINISH 

@ EASY TO SOLDER 

@ BRIGHT ATTRACTIVE DEPOSIT 

Existing cadmium solutions may be converted subject to satis- 
factory analytical test report. 
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SPECIALISED 
PAPERS 








for the 
Electrical 
Industry 








Whatever the purpose—trans- 
formers, telephone power 
cables or anything rical 
that needs a good paper, © Watson 
of Linwood can supply to your 
particular specification. Advice 
is available from our ski staff 
with details of the range which 
includes Plastic base peg, 
Presspahns and various 

trical boards. 











R. & W. WATSON, LTD., 


LINWOOD, RENFREWSHIRE, 
SCOTLAND. 
London Office : rose” House, 20-24 
Moorgate, London, E.C.2, 
Birmingham Office: 439, Belcher’s Lane, 
Birmingham 9. 
Manchester Agents: Norbury Bros., 69, 
Piccadilly, Manchester. 


Be 
























e design 
@ machining 

® performance 
@ price 

e delivery 


The most comprehensive range of 


U.S. CONNECTORS outside the U.S.A. 


€OAX Connectors 
€O-AX Cables R.G. Cables 
Microdual drives 


TRANSRADIO LTD. 138ACromwell Rd. London SWZ. reesaz1 
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To Designers and others interested in. . . 


* Alloys for Glass to 
Metal Seals wit Expansion 


Co-efficients to absolute Values 


* Pure Metals and Alloys 


for Vacuum, Thermionic and X-Ray Tube 
manufacture 


* Bi-Metals and Thermo- 
Expansion Alloys 


* Electrical and High 
Temperature Resistance 
Wires, Strip and Tapes 

IMPORT DIVISION OF... 


The TETRA Engineering (Co., Ltd. 


Representing 
HERAEUS VACUUMSCHMELZE A.G. and 
ISABELLEN HUETTE 
(Makers of the Original Manganin Alloy) 
1-3 REDHILL STREET, LONDON, N.W.1. 
Telephone : EUSton 3707 PBX Telegrams : Tetcraft, Norwest, Lendon 











WILKINSONS 


Pa 3 






: P 
iwsuLaATEP 


WILKINSONS TOOLS LTD 


+ KERFOOT STREET 
WARRINGTON ENGLAND 


hia” 7 
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GIVE YOUR WINDINGS 
A GOOD LIFE 


impregnate with a 


BLICKVAC HIGH-VACUUM IMPREGNATOR 


Full range of models available to meet the needs of 
* the large-scale Producer 






%* the Research Laboratory 
* the small Rewind Shop 
BLICKYVAC UNITS MEET THE MOST 


Outstanding Features : 

Ease in control 

Simple attachment of 
auxiliary autoclaves 

Fully demountable to 
facilitate cleaning 

Best quality fittings 
throughout 

Unequalled flexibility and 
performance 

@ Units available suitable for: 


VARNISH, WAX, BITUMEN, POTTING RESINS 


If your problem is Coil Impregnation 
CONSULT BLICKVAC 


Write today to Hamilton Road Works, Hamilton Road, S.E.27 
GiPsy Hill 4394 


STRINGENT SPECIFICATIONS. 





Associated with Blick Time Recorders Ltd., Blick Engineering Ltd | 








in Finishing 


POLISHING MOPS 


Coopers Calico Mops can be supplied in any diameter and | 


thickness, loose or stitched, and suitable for tapered or 
parallel ‘spindles. There is a good economy range of section 
mops, too. Each quality can be supplied in grades to suit the 


class.of work. 
POLISHING BOBS 


Coopers are the original makers of the Felt Polishing Bob 
as used today, and today Coopers offer a wide range of bobs 
which includes the ideal wheel for every class of work, in six 
grades from soft to rock hard, and in four qualities. Send 
today for details of the entire bob and mop range. 


COOPERS FELT 


Please send enquiries to Head Office and Works :— 


COOPER & CO. (B’HAM) LTD. 
BRYNMAWR, BRECONSHIRE 


Telephone : Brynmawr 312 Telegrams : Felting Brynmawr 
Registered Office and Works : Little King St., Birmingham 








Manufacturers of all types of 


SCIENTIFIC INSTRUMENT CASES 


and CHASSIS 
in METAL 








GENERAL SHEET METAL WORK 


for the Trade 


RODUCTS 


A a 


27 PACKINGTON RD., SOUTH ACTON, W323 
Acern 1153-4 end et LEEDS 




















Quantity luction of fer automatically made pieces in 
Steatite, Porcelain, and Rutile materials for electric cooking 
and heating and 











GEO. BRAY & co. LTD., Leicester Place, Leeds 2. 


: 20981/9. Grams.: ‘“* Bray, Leeds” 
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5 No substitute for | 


QUALITY sicily 


THE requirements of the A Cc Cc E Ss S @ R I E S 


electrical industry call for compo- i 
- or the 


nents of the highest quality. That is 
why CRESSALL Rheostats, 


Potentiometers, Resistor Units, | t L E CTR re) ia | ite 
etc., are designed and construc- 
APPARATUS 




















ted to meet the most exacting 
conditions, Their quality is 
based on over forty years’ ex- 
i} «perience of manufacture — a 
guarantee for long service 
and satisfaction. Whatever 
your requirement, there is a 
CRESSALL component to meet 
every need in the whole 
power range. 


A.C. POWER 
MANUFACTURER RELAY 


4-Pole Open Style 





{TYPE J.96 
TERMINAL BLOCKS 





| 


| Type C.30 PUSH BUTTON UNIT 
| arranged for mounting..on 
customers’ own cover plate. 


' Made in 15, 
30 and 60 
amp. sizes. 






THE DONOVAN ELECTRICAL CO. LTD. 
Safuse Works Stechford Birmingham, 33. 





# THE CRESSALL MANUFACTURING CO. LTD. 
TOWER STREET © BIRMINGHAM 19 











FREQUENCY METERS =| evectro- 


SIZES : 24” to 8” 
J , UP TO 5000 CYCLES ; nen reamininibies 
COUNTER 





PROMPT DELIVERY 





MAJOR TYPE 6 x 14 x 1} ins. 

3 ohms operates on 3/6 Vo. D.C. 
500 ohms. operates on 18/24 Vo. D.C. 
1,000 ohms operates on 100/110 Vo. D.C. 
2,300 ohms operates on 200/230 Vo. D.C. 


17/6 Post & Pkg. 9d. 
MAGNETIC RELAYS 
also the new SYNCHROSCOPE UNISELECTORS 

















M.C. KILOVOLTMETERS KEY SWITCHES 
and full range of Switchboard Instruments. eS es 
Ask for illustrated Catalogue 
| THE ELECTRICAL INSTRUMENT | JACK DAVIS (RELAYS) LTD. 
co. (Hillington) LTD. : Dept ‘E’ 36 PERCY STREET, LONDON, W.! § 
= HILLINGTON, GLASGOW ( |-].§ Museum 7960 LANGHAM 4821 
— 5 London stockists, H. A. Patterson, 156 High Holborn. ; BABA AUAUMVOV1 
aaiiaeeiensaihamniail 
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DIGITAL COMPUTORS? 


YOU CAN COUNT ON US FOR 


SUPER PRECISION BEARINGS 
AND 


HIGH QUALITY 
COMPUTOR DRUMS 
TO YOUR OWN DESIGN 





E.M.0. INSTRUMENTATION LTD 


WESTERN ROAD 
BRACKNELL BERKS 


TELEPHONE : BRACKNELL 675-6-7 








Bring your ‘ FRACTIONAL’ needs 
to the SPECIALISTS ... 


FRACTIONAL HP 






MOTORS LTD. 


The design and manu- 
facture of the best and 
most reliable small 
electrical motors is our 
one and only job. 
Because of this speciali- 
sation, our customers 
can put their utmost 
confidence in FRACMO 
motors. We have all the 
resources and the know- 
ledge to help with the ' 

most efficient solution to any ‘fractional’ application . . . 
can save money for you. . 


we 
. we can supply the best small motor 
for any purpose. Need we say more ? 


lilus. : Type 335W30 Geared Motor, with AC/DC interchangeable 
frames. 1-20 r.p.m. Torque 20-10 Ibs. ins. 


The very wide range of ‘‘ FRACMO”’ Motors include : 

* UNIVERSAL 1/250 to } h.p. 

* SINGLE, SPLIT PHASE 1/100 to } h.p 
1/80 to 1/6 h.p. 

* 3-PHASE 1/20 to 1/3 h.p. 

* SYNCHRONOUS 1/100 to 1/16 h.p. 

* SHADED POLE 1/160 h.p. at 1300 r.p.m 

* GEARED UNITS 0.25 to 600 r.p.m. Torque up to 800 Ibs. ins. 


FRACTIONAL H.P. MOTORS LTD 


Rookery Way, Hendon, N.W.9. Tel : Colindale 8022/3/4 


Our Birmingham Address is : 
6 Lensdowne Road, Erdington, Birmingham 24. 
Telephone : Erdington 0460 


and CAPACITOR 











The ‘Tophet’ range of resistance materials ts eminently suit- 
able for use under the most exacting conditions as the physical 
and mechanical properties always remain constant, ensuring 
long and efficient service. 

Our RESISTANCE HANDBOOK gives complete electrical 
and physical data regarding ‘Tophet’ resistance wires, stainless 
steels and ultra fine wire, as well as particulars of our ‘Truflex’ 
thermostatic bimetal. 


Menufoctured by GILBY-BRUNTON LIMITED 
HEAD OFFICE & WORKS: SEAMILL, MUSSELBURGH, SCOTLAND 
Telephone : Musselburgh 2369 


LONDON OFFICE: 47 WHITEHALL, S.W.1. Tel: WHitehell 6058 











THE FAIREY AVIATION COMPANY 
LIMITED 
Heaton Chapel, Stockport 


have the following vacancies on GUIDED 
WEAPONS, of unusual interest and opportunity :— 


(a) ELECTRONIC ENGINEER to maintain 
micro-wave/pulse test gear. Practical fault- 
finding experience on radar or similar 
equipment essential ref. No. 101). 


ELECTRONIC ENGINEER to maintain and 
operate Analogue Computers for Flight 
Simulation testing. Applicants should be of 
H.N.C. standard with electronic and preferably 
102) servo-mechanism experience (ref. No. 
102). 


ELECTRO-MECHANICAL ENGINEER to 
be responsible for a team testing servo- 
mechanisms and associated electronic equip- 
ment. Applicants should preferably be of 
H.N.C. (Elect.) standard and have had some 
electronic experience (ref. No. 103). 


These are Weekly Salaried posts with benefit of Staff 
Pension Scheme and Welfare Facilities. 

Successful applicants will receive specialized training. 
Applicants to give full details, in confidence, of 
training, experience, etc., quoting reference number 
of position sought, to :— 

THE EMPLOYMENT MANAGER, 
Heaton Chapel Works, Stockport. 


(6) 


(c) 
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welcome the 9p 
tunity to discuss yo 
requirements in ru 

and to give you t 
benefit of more than 60 
years’ experience. 













for Precision 
Oscillators 





INSIST ON HIFI 
Type HO/500 )\ 20-20,000 
Type HO/50 cycles 


Type HO/500A \ 20-40,000 
Type HO/S0A cycles 

















Type HO/50 giving 0°66 watts 
output 
Type HO/500 giving 5 watts 
output 
% Scale Calibration Accuracy 
f 19 


°° ° 

% Supplied in 2 Standard Fre- 
quency Ranges. 

REGD TRADE R % Output Volemeter Fitted. 

% Built-in Attenuator. 

% High and Low Impedance 
Output. 


Look for the Registered Trade Mark 


Hifi Ltd DERRY ST., BRIERLEY HILL, 
'o STAFFS. Telephone: Brierley Hill 7604 



































For every modern type 
of Photo-Copying 
Equipment... . 


Single or double-sided continuous 
photo-copying machines; Type 36 
“Rotary” or “Mercury” photo- 
copying frames, etc. Hand oper- 
ated and Motorised developing 
machines; & ‘‘Vaporax"’ Ammonia 
Developing machines. 


Vas: 


AMMONIA 
DEVELOPING MACHINE 






SALBERT SQUARE 


J. HALDEN & CO. LTD. 
MANCHESTER 2 


Branches at: LONDON, NEWCASTLE-ON-TYNE, BIRMINGHAM, GLASGOW, LEEDS and BRISTOL 
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OVER 


25 YEARS 


EXPERIENCE. 


Thermo-Setting 
Plastic Mouldings 


We have long experience in the 
manufacture of small mouldings 
to the electrical engineering 
trades and are well equipped to 
fulfil customers’ requirements 
promptly and economically. Costs 
are kept down and delivery 

expedited by our making all necessary 

moulds in our own up-to-date 
toolroom. 


Your enquiries are welcomed and will 
receive our prompt attention. 


HARRISON BROS! 
39-43, BRANSTON S? BIRMINGHAM 18 


Telephone: 
COLmore 4270 


Telegrams: 
““ARISUN, Phone, B’ham” 
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tow | RELAYS 


| ___AX 
| LONDEX) for EVERY purpose 




















TRADE WY MARK 


...for RELIABILITY 


Type BB 


A ball bearing contactor designed 
to withstand continuous high 
speed operation and release. 
Coil operation up to 600 v. 
A.C. or 250 v. D.C. Up to 
4 sets of contacts. 






| 


fice en cembapemneanins 





Type KR 


l 

1 

! A _ D.C. Telephone Type Relay 
| with heavy duty contacts. Coil 
| operation up to 250 v. D.C. or 
| currents up to 10 amps. Up to 
| 6 sets of contacts. 

l 
I 


Type LF/STR 


intended as Engine Starting Relay. 
One set of copper contacts for I 


Please write for lists giving more informa- 
tion on these and other LONDEX Relays. Quote reference 245/ER. 


LONDEX LTD 


Be 
I 
I 
i 
! 
. ANERLEY. WORKS, LONDON, S.E.20. Tel: .*SYDenham 6258 











Specialists in Subminiature Telecommunication Components 


AIR 
DIELECTRIC 
TRIMMERS 
70pF 
Illustration (approx.) 
actual size 





Type approved Cat.A No. 464 
12 Vane type, 500 Volts 
Width 16-5mm. 
Length 22mm. 
Height 19mm. 
Insulation 10,000 megs. 
Power Factor less than -001 
Temp. Coeff.: 

50 parts/million/°C. 


E DEVELOPMENTS (CO. LTD. 


Y ULVERSTON, NORTH LANCS. 
Tel.. ULVERSTON 3306. 
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lead 


Heavy current contactor, primarily 1 | 


| 


100 amps at 24 v. Coil operation | | 
up to 600 v. A.C. or 250 v. D.C. | | 





To measure — 


DAMPING 


in aerodynamics, 
structures, 
acoustics, 
metallurgy, 


electrical circuits 


Connect a damped A.C. voltage to the DAMPOMETER 
and you get immediately the logarithmic decrement and 
frequency. Results obtainable in decimal digits on elec- 
tronic counters simultaneously with the test. Very good 
accuracy even at high damping. Immense saving of time 
compared with older methods. Delivery with D.C.-type 
or Carrier Frequency Amplifier. For details see article on 
page 420 of this issue. 


Ask for quotations (giving the frequency range desired) 


Carl 0. OLSSON 


Langseleringen 94, Stockholm-Vallingby 
Sweden 
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MILTOID LTD 





STOCKISTS OF 


BX 
POLYSTYRENE 


A first-class rigid insulating material, 
supplied in sheets and rods in a range 
of thicknesses and diameters ex stock. 


Information and guidance. on manipulation, 
machining and cementing available on request. 


MILTOID LTD. 


34/36 Royal College Street, London, N.W.1. 
*Phone : EUSton 6467. ’Grams: Celudol, Norwest, London 
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Written to cover the 
syllabus for the subject of 
Telecommunications in 


the London University Degree 


TELE- 
COMMUNICATIONS 


By A. T. STARR 
M.A., Ph.D., M.I.E.E. 





This new book, together with “ Electronics”, a companion volume by 
Dr. Starr covering the London University Degree syllabus in Electronics, 
will provide the firm foundation in “ light ” electrical engineering that is 
needed by the student before entering industry or proceeding to post- 
graduate study. Although mainly written to cover the syllabus of Tele- 
communications in the London University Degree, the choice of material 
in this new book makes it of value to students studying for similar examina- 
tions. It will also serve as a valuable refresher course or reference work for 
practising engineers. One of Pitman’s Engineering Degree Series. 454 


PITMAN 
Parker St., Kingsway, London, W.C.2 





There are no finer 
Springs than 


Springs by Riley 


rs oe 
- = 
= ba 
Oo uu 
a =) 
~” = 
ae — 
O a) 
2 





ROBERT RILEY Ltd., MILKSTONE SPRING WORKS, ROCHDALE 








aii, 


CRINKLE:washer's 


THT T ALVA 


Heat treated and plated, giving corrosion 
resistance with high degree of recovery 
in relation to load, and resistance to 
“set’’. Spring locking action suitable 
for electronic and instrument components. 
Size range 3” to 8 B.A. 


Prices and samples sent on request. 


(pl CONTRACTORS TO THE ADHIRALTY © WIMISTRY OF SUPPLY © @ OTHER GOVERNMENT DEPTS. 
ch DAVID POWIS ESONS iTD 


4-8 


FORWARD WORE ROOK BIRMINGHAM Ii PHONE ¥ 














Phone : Rochdale 2237 (5 lines) Grams: ‘Rilospring’ Rochdale | 





A. V. ROE & CO. LTD. 
WOODFORD AERODROME, CHESHIRE 


have vacancies in their newly formed 


Weapons Research Division 


SIMULATOR DEVELOPMENT 


Electronic Engineer with Honours Degree in 

Physics or Engineering and having experience on 

the design of electronic computors or simulators. 
The vacancy is for someone to take charge of and 
build up a team which will be working on Simu- 
lator Development. 


TRIALS 


Electronics Engineer with Physics Degree and a 
wide practical experience of telemetering. 


The vacancy is for someone to take charge of and 
build up a team for the development of trials 
instrumentation. 


GOOD SALARIES & PROSPECTS 
PENSION & LIFE ASSURANCE SCHEME 





Apply giving full particulars of academic training 
and experience to :— 


A. V. ROE & CO. LIMITED 


Weapons Research Division 
Woodford, Cheshire 
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[> an 


Whether it is straightforward sheet steel cases 
for Electrical Equipment or the most compli- 
cated fabrication in any metal—the experience 
of half a century is at your service. 


RITHERDON & CO. LTD. 


Lorne Street, Darwen, Lancashire 
Telephone : Darwen 1028 Established 1895 





POTENTIOMETERS 


Wire-wound and Composition 
types. Single, Ganged, Tandem 
Units. Characteristics : linear, 
log., semi - log., non - inductive. 
etc. Full details on request. 


RANG 


RELIANCE MNFG., CO. cemneeadls iit LTD., 


SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOW, E.17. 
Telephone : Larkswood 3245 










We Specialise in... 
MAGSLIPS SELSYNS 


and other 


ROTATING COMPONENTS 


for 
AUTOMATIC CONTROL SYSTEMS 


Brochure available from :— 


Servo and Electronic Sales Ltd. 


1, HOPTON PARADE, STREATHAM HIGH ROAD, LONDON, S.W.16 
STReatham 6165 








SPEARETTE AIDS 


ENSURE TROUBLE-FREE SERVICING 





VALVE PIN ALIGNING TOOLS 
SCREEN CAN EXTRACTORS 
MINIATURE VALVE RETAINERS 
VALVE BASE ADAPTORS 
VALVE EXTRACTORS 
TRIMMING TOOLS 
WIRING JIGS 





SPEAR ENGINEERING CO. LTD. 


WARLINGHAM SURREY 














METAL PRESSINGS 


(Power and Hand) 
and 


ROLLED METAL SECTIONS 


R. W. SPURRELL LTD. 
Empire Works, Guest St., 
BIRMINGHAM, 19. 

Telephones : Northern 0934 & 3520 
Telegrams: “‘ Ricspur, Birmingham”. 
and Walsall Wood Works, Staffordshire. 
Telephones: Brownhills 3302/3. 

















STEVENAGE RELAYS Lrp 











Manufacturers of Type 3,000 relays with 


contacts and windings to customers 


requirements. 
special 


Designers of relays to meet 


requirements. 
No used or second hand materials employed. 


For particulars apply : 
48 DOVER STREET, LONDON, 
Grosvenor 1716 


W.!1 
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‘ULTRA LOW 


capacitance 4 attenuation 


38 STOCK TYPES 
for your 
STANDARD or SPECIAL 

APPLICATIONS 


! U.@. CONNECTORS-R.G. CABLES 


RAODIG 


* TRANSRADIO LTD. 1384 Cromwell Rd. London SWZ ree%ier 











PRE-SET CONTROL LOCK 


Designed to lock the spindles of 
pre-set potentiometers or 
trimmers without rotational or 
lateral displacement of shaft. 
Will accept wide range of panel 
thicknesses. 


TYPE P TYPE C 
Very attractive 
appearance for 
panel mounting. ae 


LEAFLET L3 





SUTTON COLDFIELD ELECTRICAL ENGINEERS 














CLIFTON STREET, SUTTON COLDFIELD. Phone : 5666 
TRANSFORMERS 
CHOKES 
PHASE SHIFTING TRANSFORMERS 
COILs 


@ MADE TO YOUR SPECIFICATION IN ANY 
QUANTITY AT COMPETITIVE PRICES 


@ HIGHEST GRADE MATERIALS AND INSULA- 
TIONS USED 


@ DIE CAST FRAMES OR MOUNTING 
BRACKETS MADE FOR ALL FITTING 


Send your enquiries to - 


W.L.R.S. LTD. 


DELTA HOUSE, 30 FAUCONBERG RD., CHISWICK, W.4 
CHIS. 0384 




















A. a SOLENOID TYPE SC. 


Continuous 3 ozs. at }” 
Instantaneous to 39 ozs. 
100% PRODUCTION 
INSPECTION 
Larger Sizes Available 
Also Transformers 
to 6 KVA 3 Phase. 


R. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL. Phone : 74065 











WOOLWICH FOLYTECHNIC 


J. S. TAIT, Ph.D., BSc. RRC, ‘MLEE., A.M.I.Mech.E. 
offer a series of Six Wednesday evening lectures entitled : 
FREQUENCY MODULATION FOR 
SOUND BROADCASTING AND COMMUNICATIONS 
commencing on October 20th at 7.0 p.m. 
The opening lecture will be given by DR. K. R. STURLEY, 
Head of the Engineering Training Department of the British 
Broadcasting Corporation. The remaining lectures will be given 
by members of. the B.B.C. Research and Planning Staffs, and 
design engineers from the radio industry. 
The subject matter will include : comparison of a.m. and f.m. 
services ; transmitter and receiver design ; details of the f.m. 
breadcasting service now being established; f.m. for other 
communication services. 
Fee : £2 2. 0. fer the course. 
ENROLMENT : By personal application from 9.0 a.m. to 8.30 p.m. 
or by postal application to the Secretary, Thomas 
Street, London, S.E.18. 














RELAYS P.O. TYPE 3000 


BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 


QUOTATION BY 
RETURN 





KEY SWITCHES 


PROMPT DELIVERY 
OF ALL TYPES 


MICROAMMETERS _250.Fs.D. MopEL 
$37 34” FLUSH TYPE. KNIFE EDGE POINTERS SCALED FOR 
TEST METERS 55/- 


ELECTRO-MAGNETIC COUNTERS 


AS USED BY THE G.P.O. COUNTING UP TO 9999 





TYPE 9G. TYPE I7A. 
500 ohms 3 ohms 
24/50 Vt. D.C. | 2/6 Ve. D.C. 

J 1S/- Post I/-] I5/- Post I/- 





LIST AVAILABLE 


MANY OTHER TYPES IN STOCK. 
L. WILKINSO AND EXPORT 
19, LANSDOWNE ROAD, CROYDON 





Phone: CRO 0839 Telegrams : “ WILCO’’ CROYDON 
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FROM STOCK:- —_ ‘DEAR MR. 


METERS I 
24”, 3}” Round Flush. NU-SWI FT 
4” and 5” Square Flush. + | 
In ranges 100 uA. 250 pA. and | mA. Of course, we've some fire exting- 
(Special calibrations 14 days). uishers, but are they up-to-date ? 


| 
1 
I 
Please ask your man to call and check 
eeeniees i Flush. them—ahead of that Fire Fiend! 

| 

1 

! 

1 















TOTAL TIME RECORDERS 
10,000 hours. Sides 


AUTOMATIC INDUSTRIAL TIMERS MAIL NOW to Nu-Swift Ltd., Elland, Yorks. 


FREQUENCY METERS 
4” Square ee: one 


50 c/s., 60 c/s., 400 c/s. 






























ELECTRONIC COUNTERS 
INDUSTRIAL. 
LOW RESISTANCE TEST SETS Y, OW 
Portable. 0.01—10,000 ohms. 
os ‘od lud 
STABILIZED tortie 8 — = ae poo go Pressboard ; Vulcanized Fibre ; 
arious Outputs. Cable ont Bas Rope en i. by oy and ee : $ ag 
. 3 arnis. 
‘ GALVANOMETERS ‘ Guasend oon ‘venues Cambric. Silk, Glass and P.V.C. 
100—0—100. microamps. Sleevings ; Cotton Tapes, Webbings and Sleeving ; Chatterton 
———— Compound ; Adhesive and Rubber Tapes. 
All new equipments to F.G. specifications. 
PRESSPAHN, LTD. 
Henry A. Patterson & Partners Ltd. Brediord, Yorks, England - —~ 
Established 1900 e 
ELECTRONIC LABORATORY FURNISHERS!} FListeh 
156 High Holborn, LONDON, W.C.I. ceaaee ELLSTEA 
Phone: CHAncery 7717 Bradford 25135 (Pvt. Br. Ex.) WNSULATI og 
and at High Wycombe Phone: PENN 2334 Telegrams & Cables : "eaen mane 








“* Presspahn, Bradford ” 






















































































NN CN RT 
ns 6$ ane 
PRE> __VARLEY MAGNET 
50 __ COMPANY | 
PROMPTLY °F 7 Oo Zz are the peopie for Zz 
@ EFFICIENTLY __COIL WINDING © 
from eae iy EN aa 

PRESCOTT MANFG, CO., LTD, ee 
ieee aa ” As coil winders to the trade for fifty-six years zg 


\ 


—well, we must be good. To get an inkling 
how good, write or telephone for a free copy 
of our ‘ Varley Coil Designer’s Handbook’. 
Or ask for Technical Representative to call 
on you. We cover Britain. 








rn 
Sw 















































| BReEKH RAFF 

| oe OES H33 22-35 
| BRE:REREXr—" si ee 

Zs Rites A 

ZA The Varley Magnet % 

RF 

Company S& 

(and OLIVER PELL CONTROL LTD.) BF 

RA (pept. EE) CAMBRIDGE row, FF 


ZH 


THE SERVICE ENGINEER'S 
FIRST CHOICE 


WOOLWICH S.E.13. (Woolwich 1422 
BASE ns ORAGFA 
QE 


a 
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POLYTHENE 








H. F. EQUIPMENT 


(AMBYTHENE BRAND) 


ENQUIRIES INVITED 
FOR SPECIAL MOULDINGS OF 
COMPONENTS 


AMPLEX APPLIANCES (KENT) LTD. 
19 DARTMOUTH ROAD, HAYES, BROMLEY, KENT. 
‘ (RAVensbourne 5531) 


All export enquiries to 


ANTEX LTD., 3, TOWER HILL, LONDON, €E.C.3 














BELCLERE 


MINIATURE 
Standard Input 














TRANSFORMER | 


Small, efficient, low priced, size |” x 3” x }?” overall as illustrated. 
Uses : For:coupling inputs of 3-150 ohms to normal type pentode 
valves. Specification : Ratio 1-50, Primary 3.5 ohms. Secondary 
inductance 160 H at 1,000 c.p.s. Range 64 octaves + 2 db. Finish 
varnish dip, encapsulated block or mu-metal screening can. 


Quick delivery—low price—maximum efficiency. 


JOHN BELL & CROYDEN, I!17 HIGH STREET, OXFORD 
Cables : Belclere, Oxford 


Telephone : 47072 * 


eae reine J 











“ Q-MAX ” 
GRID DIP OSCILLATOR 
G.D.O/IA Tee 


Covers 1.5 to 300 Mc/s 
in 8 ranges with built-in 
Power Pack. 
Usable as— 
Indicator of resonant 
frequencies, 
Absorption wavemeter 
Phone monitor, 
Oscillating detector, 
Unattenuated signal 
generator. 










PRICE 12 GNS. 





@ Catalogue of quality 





products on request =< sa — 

an “Q-MAX”’ 

es CHASSIS 
CUTTERS 


Patent No. 619178 
SPEEDY, ACCURATE 


oy aes .. 11/6 

sis ae sve Rae 

1”, 1h" or 132””—«w«w,s«O 4D 

1%” or 14” «. 16/6 

1}” pe «. 18/6 

27.” .. 30/- 

- | 23” sae . 35/- 
| I” square 23/ 


: Keys—small 10d., 
medium 1/3, large 1/9. 


BERRYS “en 


(SHORT WAVE) LTD Fhone: HOLborn 6231 











ANTEX, 


ORY X 


SUB-MINIATURE 
SOLDERING INSTRUMENTS 








Supplied to every 
well-known RADIO 


manufacturer 


3, TOWER HILL, 








| BIT SIZES: 1/16th —3/l6ths inch 
Voltages : 6, 12, 24 or 50 
| Heating up time: 30 sec. 





Sole Distributors : 
LONDON, E.C.3. 


Tel.: ROYal 4439 

















Harwin Engineers Ltd., 101 Nibthwaite Road, Harrow, Middlesex 


% 
*% 
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Electronic Engineers are 
changing to the Newtee 


‘MINIMOUNT’ 


COMPONENT MOUNTING SYSTEM 
(Brit. Pat. Appl. for) 


%* it is so simple 

%* it is so versatile 

% it reduces stock problems 

%* it gives better joints more quickly 
* it simplifies identification 

%* it is best for development 

%* it is best for mass production 

%& it is so inexpensive 


ASK FOR LEAFLET 52/9A FROM 


JOYCE, LOEBL: C°-L™- 


Vine Lane, NEWCASTLE-upon-TYNE, I. 











NORTHAMPTON POLYTECHNIC 
ST. JOHN STREET, LONDON, E.C.1 


° 


DEPARTMENT OF APPLIED PHYSICS 


Session 1954-55 


ADVANCED EVENING LECTURES 


I. SEMI CONDUCTORS AND THEIR 
APPLICATIONS. 
Il. MICROWAVE TECHNIQUE. 
These lectures are intended for graduate students and will be given by 
specialists from University, Government and industrial laboratories. 


Further details may be obtained from the Secretary of the 
| Polytechnic. 

















66 LAFCO”® saves Your CAPITAL 


TEST EQUIPMENT 'B & D EQUIPMENT 
AVO. Model 8 meter, £23/10/- cash or deposit ;B & D tin, Electric os 

and 8 monthly payments of 57/6. 14/8 deposit & 8 month! 
ae H meter, £19/10/- cash or deposit and! semmuieel 1aeas/ 198 
- payments of 47/ . Craftsman Lathe 
tani Avominor, f10/10/- cash or deposit and} 12/10 & 8 x 12/10 
8 monthly payments of 25/8. 1@ Re 
D.C. A ecm ey" - or deposit and 8! Stand 2/2 
monthly payments o in. Bench Drill 
AMPLION Test Meter, £5/19/6 cash or PO ali & 8 x 8/3 
and 8 monthly payments of 1 (£3/7/6). No. 44 Sander 
PULLIN Series 100, £11/11/- cash or deposit, 30/7 883, 30/7412/10/.). 
and 8 monthly payments of 28/3. 15in. Sander Polisher Kit 
If you do not see the item you require please do not t 94/2 = 8x 24/2 (£9/17/6) 
hesitate to write us. We will quote you our terms) 4in. Portable Elec. Drill 
on receipt of full information. Send remittance to :— 4 30/3 & 8 x 30/3 (si 2/7/6) 
Desk 67, LAFCO COMPOUNDS LTD. 3, CORBETTS : Sains & Polishing Set 
PASSAGE, ROTHERHITHE NEW ROAD, S.E.16. 12/5 & 8 x 2/5 (19/6), 

BERmondsey 4341. fetc., etc., etc. 
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Here's a Bush.. 
That WONT come out, 















RS With Snap Action Assembly 


Simple finger action instantly assembles 
this bush, yet its design is such that 
it provides complete security. Non-metallic, 
high dielectric, fully tropical. Approved all 
services, Samples and literature on request. 


INSULOID MANUFACTURING C rr LTD. 


SHARSTON WORKS, LEESTONE AVE,WYTHENSHAWE MANCHESTER 
Tel: WYTHENSHAWE 2842 









For clean, noise-free 
recordings—the 


LeeRaser 
Tape De-magnetiser 
Type B 
(up to 7” dia.) 
£9 10 0 
Type C as 
illustrated, for 
all sizes 
£15 0 0 


As supplied to B.B.C. and leading Recording Studios 


LEEVERS-RICH EQUIPMENT LTD. 


Please note new address : 


78 HAMPSTEAD RD., LONDON, N.W.|. EUSton 1483 








A STANDING-WAVE RATIO INDICATOR 
FOR CO-AXIAL TRANSMISSION LINES 





This instrument embodies a very sensitive diode vol.meter for 
monitoring the line voltage and indicating the bridge balance upto 
/es. 


LEAFLET No. E5029/EE from 


Labgear (Cambridge) Ltd. 
Tel. 2494/5. WILLOW PLACE, CAMBRIDGE 
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INDEX TO ADVERTISERS 


A 
Advance Components Ltd. 14 and 17 
Aero Research Ltd. oe 15 
Airmec Ltd. a a i Se 16 
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All-Power Transformers ‘Ltd. mS 18 
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Cannon Electric a .. The ‘a és 40 
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Chapman & Hau ay re .. 461 
Chase Products Ltd. ms 7“ .. Wé 
Cinema-Television Ltd. .. es ce 26 
Clifford & Son Ltd., Charles .. .. 108 
Connolly’s (Blackley) Ltd. He a 24 


Cooper & Co. een Ltd. .. 114 
Cossor Ltd., A. 30 
Cressall Manufacturing Co. Ltd., The 115 
>) 
Darwins Ltd. ses .. 105 
tm (Relays) Ltd., Jack ve — 
Dawe Instruments Ltd. “ <3. ae 
Donovan Electrical Co. Ltd. .. do > aE 
Dowding & Doll Ltd. ae aA Aa 
Duratube & Wire Ltd. .. ne Ss 92 
E 
Edison Swan Electric Co. Ltd., The 
Cover ii, 21 and 27 
Eddystone Radio .. - bee 87 
Elco Plastics Ltd. . 42 
Electrical Instrument Co. Ltd. 2 
Electro-Alloys Ltd. 125 


Electronic Engineering "Monographs 
al and 126 
Electronic Laminations Ltd. * 87 
E.M.O. Instrumentation Ltd. .. 
English Electric —? i The 
Enthoven & Sons Ltd., H. J. .. 
Ericsson Fs wan Ltd. HA 47 


116 
32 and 107 
23 


Erie Resistor Ltd. Cover iii 
Ever-Ready Co. (Great Britain) 1 Ltd. .. 46 
Evertast Ltd. é Hy: 

F 

Fairey Aviation Co. Ltd., The .. ae | 
Ferranti Ltd. 29 
Foster Transformers & Switchgear Ltd. 
Fractional H.P. Motors Ltd. . 116 
G 

Gardner’s Radio Ltd .. 105 
General Electric Co. Ltd., The 9 and 31 


bes ria Engineering Co. (Radcliffe) 
td. i He <* nas wa 
Gilby-Brunton Ltd. a ae .. 116 


Goodman’s Industries Ltd. 


Gresham Transformers Ltd. we 74 
Griffiths, Gilbart, Lloyd & Co. Ltd. || 107 
— Keen & re seaanamnanel 2 
| 

Haddon Transformers Ltd. ath se 
Hairlok Co. Ltd., The .. te “ 109 
Halden & Co. Ltd., }. - i< oa 
Hallam, Sleigh & Cheston Ltd. a 89 
Harboro’ Rubber Co. Ltd. - co eee 
Harrison Bros. (Plastics) Ltd. .. oa 117 
Harwin Engineers Ltd. .. ae .. 1233 
Hassett & Harper Ltd. .. ie a 52 
Hatfield Instruments Ltd. = “2 91 
Hifi Ltd. a re « 32 
Hill Ltd., C. & L. ae ea 64 51 
Hivac Ltd. ni sie + .. 109 
H.M.V. Ltd. é aa Cover i 
Hunton Ltd. 

| 

Imperial Chemical Industries Ltd. .. 53 
Insuloid Manufacturing Co. Ltd. =a 124 
Isotope Developments Ltd. at re 89 
Johnson, Matthey & Co. Ltd. .. ee 59 
Joyce, Loebl & Co. Ltd. ©. o. wae 
L 

Kelvin & Hughes Ltd. . oe .. 110 
i" (Cambridge) Ltd. .. 124 
L.A.F. Co. (Compounds) sy ce ae 
pee Oh Thompson Ltd., 42 and 43 


(continued on next page) 
























A.I.D. Approved 
inspection dept. 
Fully equipped 
tool room. 
Modern Heat 
Treatment plant 
& Barrelling 
techniques. 


C. BRANDAUER cir 


— of Pen Fame. Est. 1862 — 
NEW JOHN ST. WEST, BIRMINGHAM ,,,,c/ephone: | 
Lendon Office: 124 Newgate St., London, E.C.1. Telephone : MONarch 5321 


all types of ferrous 
& non-ferrous metals 
including Beryllium copper 





Pressings and 
sub-assemblies in 
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TUN GSTEN 
MOLYBDENUM 


PRODUCTS 


LYBDENUM TUBES, CUPS & 
OTHER SPECIAL COMPONENTS 


ELECTRO-ALLOYS LTD 
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INDEX TO 


Leevers-Rich Equipment Ltd. .. 124 
Light Soldering a | es .. 93 
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